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‘Tho Publishers and the Editor-in-Chief will be grateful to readers 
‘volume who will call attention to any errors of omission or commission 
At is intended to make our publications standard works of study and re 
and, to that end, the greatest accuracy is sought. It rarely happens 
early editions of books are free from errors; but it is the endeavor 
Publishers to have them removed, and it is therofore desired that the 
in-Chief may be aided in bis task of revision, from time to time, by the 
criticism of readers. 
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This Book 


‘SPECTFULLY DEDICATED TO THOSE WHOSE KINDNESS 
MAS ENABLED ME TO PRODUCE It 


TO MY PARENTS 
GAVE ME THE EDUCATION UPON WHICH IT IS BASED 
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FOR HER LOVING SYMPATHY, ENCOURAGEMENT 
AND ASSISTANCE 


TO ORLANDO W. NORCROSS 
OF WORCESTER, MASS. 
OSE SUPERIOR PRACTICAL KNOWLEDGE OF ALL THAT 
PERTAINS TO BUILDING HAS GIVEN ME A MORE 
INTELLIGENT AND PRACTICAL VIEW OF THE 
SCIENCE OF CONSTRUCTION THAN I 
SHOULD OTHERWISE HAVE 
ORTAINED* 








vill Preface to Sixteenth Edition 


references is largely increased and the page-numbers of such references are almost 
always added; many tables and diagrams which in the former editions read 
Tengthwise of the page have been reset or reengraved to read across the page for 
freater convenience; the sumber of iustrations has been largely’ ‘many 
old cuts reused have been reengraved, and some diagrams printed with 


of 
different colors te make the demonstrations clearer; a tive caption hax 
em aae parks en en the abbreviations Cust Cate ete,, bave 
‘been printed with each page-caption of the left-hand pages, thus ay 
necessity of referring to the Table of Contents to locate any particular (. 


‘The Editor-in-Chief decided to change some of the unit stresses, ep 
those for the different woods, and in some cases to recommend more e 





text or ln extended foot-notes, for those who wish to understand ms well as 
such formulas, and numerous cross-references accompanying them enable 
reader to use the Pocket-Book as # textbook for certain parts of the 

‘of materials a5 well 1s s handbook for office work. ‘The tables of the props 

‘of structural shapes, of safe loads for columns, beuns and girders, etc, have! 
revised and numerous new tablesadded. ‘The Editor has found that itis the: 
sensus of opinion among architects that the insertion of these tables Ha 
convenience and for their ordinary offer work condenses into one handy Wa 
ume much of the essential data of several manufacturers’ handbooks. 

‘The difficulty of securing a unity of treatment and of avoiding repetitions and 
contradictions in s book of reference the data of which covers so many subjects 
and is written by so many contributors has been fully reallzed; but it i beliowedt 
that in these respects the New Kidder is reasonably successful and will meet 
with the approval of all who use it. : 

Acknowledgments and thanks are due the Assoclate Editors for their 
cooperation and generous contributions of the time and Inbor taken from 
professional work. Acknowledgment is made, also, of the valuable assistance | 
af all others who have furnished new or revised old data, and of many helpfil | 
suggestions from Mrs. F, E. Kidder snd from the pablishers. 

‘The Baltorin-Chief expresses the hope thet for the architects and builders 
ef this country the new Pocket-Book will continue to be, as Mr. Kidder expressed 
it in his preface to the first edition in 1844, “a compendium of peactieal facts, 
ules and tables prescoted ina form ax convenient for application as possible, 
and 98 reliable a8 our present knowledge will permit ;”” nnd also, in its present 
extenston and fuller development, a work which will lead to « stil! clearer undet= 
standing of the essential principles of sound architectural construction, 


‘THOMAS NOLAN, 


practical ‘The 
Secon atay bs uo rence used hax been explained, aoe 


‘Paitaneuian, September, 1935 


PREFACE TO FOURTEENTH EDITION 


Tr fs now nearly twenty years since the author, then quite a young mart, 
completed the first edition of this work, which, although cewtalning but 586 
had required about three years for its preparation, At that time the 
thought he had covered all of those practical details relating to the 
aed comstruction of buildings, with which the architect was concemed, 
well, and it would appear as though the purchasers ef the book thought 
Tut as the years have come and pone, so many and such great improve- 
have taken place in the building world, so many articles Invented, new 
methods of construction developed, higher standards established, that the present 
although containing nearly three times as many pages, is perhaps not 
Sraeeaen cela iaen tee wes the Sint odio, 

Wher preparing the first edition, ix was the aim of the author to give to 
architects and builders a handbook which should be, in its field, as useful ana 
reliable as Trawtwino's had been to civil cngincers; and with that object con 
stantly in view, the book has been revised from time to time to meet the changed 
conditions la buibding construction and equipment. 

About three years ago it was thought, by the publishers and the author, that 
a thorough and complete revision of the book should be undertaken, and although 
the rewriting of a work of this character, even with the thirteenth edition to 


Ta 


if 


roore or les interruption to his regular business, and consequent reduction in 
fecema in waite poertook to prepare & work of a still wider scope, and which 
thoroughly up-to-date in every particular, or at least as far as is 

practicable, in & work requiring » period of three years in its preparation, and 
from that time to this he has spared no labor or expense to snake the book as 
useful aed Complete as the possibly could, without making it too bulky. 

In this revision the wuthor has had in view: 

1st, A roference-book which should contain same information on every subject 
{except design) ltely to come before an architect, structural engineer, draughts: 
faith, or master-builder, including data for estimating the approximate cost, 

ad. To as thoroughly cover the subject of architectural engineering as is 






simple and convenient a form for immedi- 
ste application as i consistent with accuracy. To this end a great many new 
tables, arranged and computed by the author, have been inserted 

At the tine the first edition was written, the term “ Architectural 
tad wot beon tused in its present application, and the term "Structun 
ing.” when wsed, referred almost exclusively to beidge work, 

To-day, structural and architectural engineers are conc t exclusively 
with: building cemstruction, and their work is more clo: ied to that of the 
acchigeet tham to that of the civil engineer; hence the author has had in mind 
the needs of the structural engineer and draughtsman as well as those of the 
sochitect and Wilder, and the book should be of nea ual value to both 


ix 
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(73-9, the cube root | 
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‘Beample, Required, the cube root of 4o3s83-419 oF ¥/493583-419 
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‘Miscellaneous 
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Metric Conversion Tables. This and the following ts 
sorth's Metrical Tables will be found of great conve 
to be executed in Mevico and other countries using the 
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are 
A prism is TRIANGULAR, RECTANGULAR, ete; according | 
ANGLES, RECTANGLES, etc, 
A cune isa rectangular prism all of whose sides are squares, 
A crunprn is a volume of uniform diameter, bounded 


meeting In a point called the vzerex. A pyramid Is triangular, 
‘etc, according as its base is a triangle, quadrilateral, ete. 

A cone is a volume whose base 
isa circle, from which the remaln- 
Ing surface tapers uniformly to a 
point or vertex (Fig. 20). 

A comme secrios is the plane 
figure made by 4 plane cutting a 
cone. 


‘An xtuirsr fs the section of a 
cone cut by a plane passing 
obliquely through both sides, as at 
ab, Fig, 21. 

A rananora Is a section of a Fig. 2. 
cone -cut by @ plane parallel to jts sees 
side, as at cde + 

A ixpravota fs a section of a cone cut by 4 plane making a greater 
with the baso than that made hy the side of the cone, as at 

In the ellipse, the TRANSVERSK Axis, of LoNc piamereR, is the longe 
that can be drawn In It. Tho CONJUGATE AXIS, OF SIOKT DIAMETRE, #8 
drawn through the center at right-angles to the long diameter, 

iG ener “id pace yl orbs romains after cutting: 
wpper ¥¥ a plane parallel to the base, - : 

A Bese Gs veinen tounial by a curved surface, all points of whi 
‘equidistant from a point within, called the center. 

‘Mensuration treats of the measurement of Vines, surfaces and volte 
Rules 

sous oF & ehontoai 

‘To compute the area of a square, x rectangle, A rhomt 
“Rute, Multiply the length by the bret or helght- Thay ty ig 
‘or 24, the area = 0b X be. 
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Fig. §3. Ellipse Described with String and Pencil the third 
an ellipse, 

lines EF and EF. Prolong £& to o, so that Bs equals 

OEP by describing ares from a and Fas ocntorn, ax SOO HE 

draw a line through £ ‘This line ls the tangent required. If 


draw a tine normal to the curve at £, as, for instance, the joint of 


D + 


arch, bisect the angle FEF’, and draw the bisecting line 


be the normal to the curve and the proper line at that poimk 
elliptical arch- 


From the given point 7'as a center, and with  radlis £9 
to the pearer focus Fy deseribe an arc of a-circle, From BS 
with @ radius equal to the length of the longer axis off the: 

deaeived at a and 6. Draw Mine 


Pig. 4. ‘Tangent Drawn to Point on Elllpps 





* 
to Me the safe unit fiber-stress; 


about shafteaxisg 

total elastic resistance of a hax; resilience, work: als, 
stant used in formulas for reinforced concrete; . 

length; span of a beam; 

MC bending moment; 

Mya maximum bending moment; 

Mi, Ms bending moments at supporta; 

My or SI/¢ moment of resistance; 





‘of stopl to cross-section of beam (reinforced concrete); 

radius of curvature; radius; radius of gyration; ratio of Be} 
to Be for concrete (reinforced concrete); : 

Mg Fe ete, bret at the rae of A ke) a 

stress, with sul fc and s it stress ie 

pression and peed i 

2 ‘buckling resistance in webs of steol beams; 

’, horizontal unjt shearing-stress In beams; 

Se_ elastic limit; 

S$; modulus of rupture, or computed Mexsral strength; 

by fy ete thicknesses; 

V vertical shear; 

W weight eee beam; total uniform load on beam (may 


De 
‘wl total uniform toad on a beam (may inchide weight of beam); 
w weight of a cubic unit of material; uniform load on beam, pe 
unit of length; 






=) 





* See, also, page 5 of Part I. 
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Terms Used in Architectural Engineering. 
quently: occur in discussions of the prluciples of 
an understanding of thoir meaning is essential, 

Mechanics is the branch of physics that treats of the phenoq 
the action of forces on material bodies. 

Applied Mechanics treats of the laws of mechanics as 
tion in the useful arts, as in beams, trusses, arches, etc. 

Mechanics of Materials treats of the effects of forces in 
{in the size and shape of bodies. 

Rest is tho relation that exists between two points when t 
Joloing them does not change In length or direction. A body is. 
‘toa point when any point in the hody is at rest relatively to the 
point. 

Motion fs the relation that exists between two poluts when 
joining them changes in length or direction, or in both. A bot 
tively to a point when any point in the body moves relatively te 
tioned point, 

Force is that which changes, or tends to change, the state of 
of the body acted upon. It is a cause regarding the essential 
‘we are ignorant. In the mechanics of materials we do not-deal ¥ 
of forces, but only with the laws of their action, 

Equilibrium is that condition of a body in which the forces 
balance or neutralize each other; os, it is that condition of af 
‘which the resultant of the forcesystem is zero. 

Statics is the branch of Mechanics that treats of the conditions) 
Tt is divided into: 

(1) Statics of rigid bodies. 

ak eet - 



















Definitions of Terms 125 


are three conditions of equilibrium in a structure, 

UJorees acting upon the whole structure must balance each 
‘es are: 

at of the structure; 

it carries 

ind supporting forces, reactions or resistances under or around 


acting upon each piece of the structure must balance each 
(es are, for each piece: 
at of the piece; 

it carries; 
ances or reactions at its joints. 
neting upon each of the parts into which any piece may be 
ridded must balance each other. 
‘ef a Structure requires the fulfilment of conditions (+) and 
tility of the structure to resist the pisvLacemen of any of its 





of a Piece or Member consists in the fulfilment of condi- 
wability of a piece to resist maEAKENG. 


of a Piece or Member consists in the ability of a piece to 





Structures is divided into two parts: 
| treats of atrongth and stiffness, dealing only with single 
lly known as the SrKENGrH OF MATEREALS or the MECHANICS 
tore defined. 

treats of stability, dealing with the structures themselves. 


ternal force that resists a change in shape or size caused by 
When the applied extemal forces reach certain intensitios 
os bokd them in equilibrium. 


of a Stress is measured by the exrr stress. (Sce Unit 
EXSY OF TTR STRESS per square inch on any normal surface 
tal stress divided by the area of the section in square inches. 
ft long and 2 in square has a Toad of 8 000 Ib pulling fn the 
ath, the stress on any normal section of the har is 8 009 Tb; 
bf the stress per square inch is 8 000 Iby/s sq in= 2 e00 Ib per 








When a solid body is acted upon by an extemal force an 
lace in the volume and shape of the body, and this alteration 
fuamiow, Ins the ease of the bar given abuve, the deformation 
‘tthe bar stretches under its load. 

Strength 4s the highest unit stress a pleco of material can 
be unit atress at or just before rupture. 


Whit Stress is the ultimate stress divided by the factor of 


(ts the load that a piece can support without exceeding the 
taal 


he term srauze is now synonymous with the term oxronuariom. Os 
eng Br confuse the terms wrRATN and stars the term DEFORMATION, 
aanee imahape and the tern STRAIN is omitted in all discussions in the 








beam. 2a iia facioes ot ateee 


‘The Unit Stress is the stress on a unit of section-area, a 

iin pounds per square inch. (Sco Intensity of Stress) = 

Dead Loads and Live Loads. The term 

spplid end incensed grate ai a Raa 

‘weight of a structure itself. 

‘The term L1¥K LOAD means a load that is applied sudd 

cto tei eal fam 
that the effect of a live lead of a Beam 


safety b as large a8 one pe 
cioed of opto elkany On A Ba 


hich is a mean between that of a dead loud and af 


‘The Modulus of Rupture or Computed Flexural 
of the uNer rinxr-sreEss Sy computed from the flexurefo 
when a heam is ruptured under a transverse load. 
between the ultimate tensile and compressive strengths of a 
The Elastic Limit is that unit atte at which the deformati 
material bexins to increase ina faster ratio than the applied 
sometimes called (he KLASTIC STREROTIL. 





The Modulus of of Elasticity ot Coefficient of Blasi 8 
‘on physics this is often called Youna's vopurus. Tt we take bart 
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} an important constituent of granite and other Igneous rocks, is a 
alumina with potash, soda of ime. When exposed to the action of 
owly decomposes, forming silicate of alumins, the base of clay. ‘The 
tiom of granite results in the formation of clay and crystals of quartz 

‘The mica is very slowly affected and the quarts is practically une 


The various mica minerals are silicates of alumina, with potash and 

itituents. All varieties are soft and split into thin elastic pintes 

icles of mica are frequently found in sand. 

de and Augite are silicates of lime, magnesia, Iron and alumina and 

pent occurrence. 

| Tale and Soapstone Travertine are hydrated silicates formed from 

ites by « chemical change in which certain amount of water is 
‘These minceals are soft and have a Soary yeet. Special care should 

ft building foundations on tock of this character to guard against any 

the foundation-bed or between parts of the foundation-bed. 


eareous Minerals. ‘The following are the principal calcareous miner- 


{€aCOs), carbonate of ime, when pure and crystallized, ts known as 
ivan. It is soluble in water containing CO. Calcite in varying de- 
jarity forms limestone ancl marbles As a result of its solubility 
d voicls are frequently found in limestone. 

tis & carbonate of lime and magoeda. Tt forms the s-called Dow. 
ksrowes, which are Jess soluble than the calcite limestone, 


| Lypum, Alabaster, Anhydrite, Aragonite and Apatite are other and 
‘ant limo minerals. 


(ation of Rocks. Rocks are classified not only according to the 
\Ewhich they are composes!, hut also according to the way in which 
been formed, as: 
{ous Rocks, which have solidified from a molten condition; 
[mentary Rocks; which have been forme under water by mechani 
fe or by cementation due to chemical or organic processes; 
famarpisle or Plutonic Rocks, which have changed from thelr original 
lus igseous or sedimentary rocks. 
cous or Plutonle Rocks are not truly stratified. They may he 
‘or glassy in texture. GANTT, SYENITE, BASALT, TRAP, otc, 
fies, LAWA, puance and opsotan are volcanic products, as are also 
posits of nied and ash. With the exception of volcanic ash and mucl, 
is focks are enduring and are not liable to present any unforeseen weak- 


undati 
Rocks are’ composed of sand, clay and other materials 
the breaking down of the original igneous rocks. These materials: 
‘in horktonital bers generally by settling from water, and the con- 
{nto rock was generally affected under water by chemical, mechanical 
metions ‘The resultant rock-masses are stratified as a result of theic 
it materials having been deposited in layers. As sand and clay are 
abundant che ‘of rock-decomposition, so the sedimentary rocks 
Irequemiy smcnoos (sandy) or ascrtactovs (clayey), 


fie ie comiptoned of grains of sand cemented together hy sillea, oxides 
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[fie material remng rom the decomporldon and hytation of fel 
hydrated silicate of alumina, geacrally rized with powdered 

Jods and other materals. 

Pam. Any strongly coberent mixture of day or other cementing 

ith sand, gravel, oF boulders. 

\ finely divided earthy material deposited from running water. 

Finely divided! carthy material generally containing vegetable matter 

fited from still or slowly moving water. 

Looiely used to describe any earthy: material. 

Earthy. material capable of supporting. vegotable life and generally 

(material contalaing decayed vegetable or aniinal matter. 

+ Earthy material contajuing a large proportion af humus of vegetable 


Earthy material containing a proportion of vegetable matter. 
Compreséd and partially carbonized vegetable matter. 


, Characteristics of the Materials of Foundation-Beds 


Rock, or, as it is locally known, mep-Rocx, or Lepax, ts proverblally 
lumdation. ‘The hander rocks, sech as granite, trap slate, sandstono, 
yates are all capable of carrying the load of any ordinary structure. 
Werks, among which may be classed the shales, shaley slates and 
harley limestones and clay stones, should not be loaded with more than 
fer sq {t wiles they are tested for greater loads. In all cases where 
lnsar tobe piknced on whit is suppased to be solid rock, care should be 
Metermine whether or not the supposed solid consists. of a detached 
hd, alo, in cuse the bolding-planes of the rock are inclimed, if there is 
fim a slip of the layer forming the foundation-bed. (See pages 239 and 
‘dide-slope locations) 

(ed Rock. Certain. igneous or metamorphic rocks such as granites, 
#te., requently disintegrate, forming so-called koTsEN ROCK OF DECAYED 
"he decayed rock fs generally found in conformity with the ledge of 
(originally formed @ part. It may retaln the stratification, color and 
‘of the solid rock, but ax a fesult of the disintegrating effect of water 
agents, It has Ioat the solid character of the original rock, When 
ith & hammer it does not give the characteristic ringing sound of solid 
| may’ be (alky compact and hard, of 40 soft as to be readily excavated 
band sbowel, ‘The amount of such disintegrated rock overlying the 
[varies greatly; in some cases the removal of a fow inches will disclose 
frock, fnother eases the layer of decayed rock may be many feet in thick- 
het-Borines in rotten rock give samples similar to the samples from solid 
that it frequently happens that while the foundations are planned for 
| the eneavations disclose a thick Inyer of rotten rock. Tn such cases, 
Penctieablo to curry the footings down to solid rock, ft may be necessary 
be the size af the footings ot to sdopt vonie other expedient. 

‘Rock. Where # rock-ass detached from the lodge of which it orig. 
hiked! a part Is encountered it must not be loaded in excess of the safe 
bf the material By which i ix surrounded. If the voids between ad- 
feces of leone rock are completely filled in with hard-pan, compact 
bel orelay, the loading may be the same as for the filling-la material, 





of most fie of sand or sandy material. 
and other minerals are frequently found. Sand is 
MEnIUa, oF COARSE, acoording to the sine of the grains of 


that « lange proportion of the remaining material is too cot 
sieve. 
Fine Sand, on the other hand, may contain no particles 
‘a 20-mesh sieve, and a considerable proportion which will pets 
Very. Fise Sand is fest mibtaktn Becta 
contain some clay, as clay generally contains 
Tue easy cat aid al 
size of the particles. - 
Balanced Sand is sand in which the size of the particles varies fn 
small and in which there is no great difference in the numbers of 
each size. . 
Clean Sand contains no clay ot loam, but a pure sand 
‘centage of fine particles is often considered to be NOT CLEAN, 





‘uniformity of the size of Its grains. ees 
fe teow Sc iasicdee in ses wif he, 
ee ase eee ‘This 

ay coarse as sand (2), but containing » 
Ten gent between eats sad O-ogg tn Td dat 
‘contains # considerable proportion aoe 
guicrsaxp from the down-town section of 
writer by Dr. C.F. McKenna, is as follows: 


‘A rational analysis shows the following composit 
‘Quartz, as given. 
Clay and mica, as gi 
Feldspathic detritus. 


nthe other hand «sample of extremely fe sand fom 
75% passed a 200-mosh sieve, appears to be absolutely Pe 





Slay. Wen, pute, cay coma, hated ite, OL San 





ai 


Allowable Loads on Materials of Foundation-Beds M1 


‘ed building and of the material compeaing it, should be bore in 
lecting the unit load for any given foundation-bed, irrespective of the 
‘ssuire as given by building codes or by examples quoted in this chapter. 
inde on Rock, The safe unit load on rock maj often amount to 
the crushing strength of brickwork or stone masonry, and in nearly 
gy material worthy of the name of rock is capable of supporting from 
hs peraq ft. 
‘ads on Send, Gravel and Boulders. When compact and con- 
Illy these materials are capable of supporting 10 tons per sq ft with- 
lable settlement. It rarely happens, however, that it is advisable to 
haterials with more than § tons per square foot: 
fads om Loose Sand. By loose sind {s meant sand which has 
Joroughly compacted and which may settle by its own weight inde- 
‘of a superimposed loud. All such materials should be tested and 
ld reduced in accordance with the result of such tests. 
im Fine Sand or Quicksand, It is probable that fine sand, if 
confined, will sustain as heavy a load as coarse sand. but in view of 
fat if afforded the slightest opportunity it is linble to lateral displace- 
inadvisable to found any structure on such materinl. When it is 
to place the footings on such material the unit load should be reduced 
| possible and preferably to less than 2 tons per sq ft, and great cane 
takes to connect all footings with a continuous layer of concrete 50 
‘ent any flow of material into the cellarexcavation. Care should 
tho, that any sumps, pump-pits, drainage-arrangements and sewer- 
‘s for the building do not permit the escape of any quicksand, 
vads on Hard-pan and certain cemented sands pau of the 
hard-pan may approximate rock in hardness and reliability, Such 
however; are liable to soften if exposed to water. If these materials, 
wvered, are dry, experiments should be made to determine how they 
wet, and if the level of the water in the ground is liable to change 
the layer of kard-pan, the lowd should be correspondingly reduced. 
hard-pan containing gravel has been frequently loaded with more 
mus per sq.ft: Care should be taken, however, to determine that 
Thant-pan is continuous to. solid substratum, as it frequently happens 
of hard-gan and fine sand or clay are deposited alternately. 
fads 08 Clay. Ordinary clay should not be loaded with more than 
ic, a loud of 2 tons per sq ft may produce 
ntage of sand as to 
ticity Kas boen loaded! with from 4 to 6 tons per sq fe without undue 
{and sand or pravel containing sufficient clay to act_as a cementing 
jit partake of the quatities of hard-pan. In general, however, clay 
{dangerous of all the materials on which structures are founded and 
d-should be reduced to a minimum and every precaution taken to 
flow of mnaterial. Undue reliauice should not be placed upon load 
[clayey soils. Tis probable that a loading on a large area which 
fe movement of the clay will on a small arca have no effect, so that 
tovrely upon the results of a test-load applied to an area smaller than 
areas to be used, From the experience gained in the 
im of large buildings in Chicago which were rLoaTep on clay, the 
a been Seasraly reduced to 2 tons per sq ft and, in 
at Toad of less than 2 tons per sq ft on clay has 
ements varying from nothing to 12 in. So 

















obstruction, the approacl 
imum or limiting grace of the particular: 


ings. In svaway-constevcrion for 
can be operated on sharper curves and with 
in the case of a trunk-line railroad. ithe 


trade-centers, and call for the construction of high | 

seen that the heaviest and most Smportant buildings: 

their foundations affected by the construction of @ au 
vicinity, Where there is reason to the « 
Wars or ruxwrts, Information should be sought as: 

the excavation, the depth at which water 

material, the probable width of the construction as 

‘vaults, and the method to be employed in making i 
excavations for such tunnels and subways have bea & 

of the footings of adjoining buildings, as in Baltimore, 

and New York City, buildings along the routes hav 

‘Such results have not been limited to any particular m " 
struction of the tunnels, as even where the excavations were 
in rock, serious damage has been done, 


13. Loads Coming on the Footings 
The Loads to be Considered in the design of the footings © 
are: 
(3) The Dead Londs, oF the loads de to the actual weight of the 
structure, ready for occupancy. 
Eee Leb rats 2 tah oes oa 








re 
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At. Assumed Loads Specified by Building Codes 


[TL Requirements of Building Codes for Assumed Loads for Office: 
Bulldings 












Requirements 





Live load, 75 1b per eq ftabave ist floor; 150 tb per sq ft om 
1st Bloor 

Footings designed for dead load and éo/% ef lve toad and 
windtoad 


Liveload, 1001b per sa ft. Wind-toad, 3o%h pereq fe where 
erected in open s7aces; in built-ap districts, a5 Ub at the 
3eth story, 244 Tb mare for each auconoding woper sterys 
up toa maximum of 35 Ib to the sh story and above 


fo. N. ¥.......] Lavetoad, 201b persq ft. Wind-loaif, 30% peraq ft. Foun 
dations dexigned for the acting average loads in the com- 
pleted werd occupied building and not the thcoretieal or 
eccastoaal loads 


(Apotis, Minn...| Live load. 75 Ib per sq fh aborre the first floor; t00 tb for first 
floor, Wind-loai, 301% per sq ft. Roof ast tap floor, full 
live kad. Por each succeeding keirer floor, a reduction 
‘of $% walt 5% ie renched, such reduetion being used for 
the remaining thors 


fend, Vs......| Foundations designed for 6o% of the tive foad 


teal, Mo,.......] Lave load, 901 pena ft; first floor, 19218. Loads carried 
the soil, total dead teged and 10 Th per aq ft of all the 
floor-eres. Wind-load, 30 ib per oq ft 


Wal, Ming... ,.| Live load, fo Ib per aq ft above the first Boor. First oor. 
725 th. Wind-toail, ol, Root and top floor, full lod. 
(or each lower floor. a reeiutticn cf 5% until 97% of the full 
Hive load ix reached, when such reduced load shall be used 
fertheremaining floors, Pootings designed for dead load 
nud live toad 


Live fond, 9 1b per q {t above firet floor; 100 Th for frat 
tHoor, Live load reduced by 5% (oe each floor below the 
top until ae"% is reached, when such reduced Yoads shall 
bbe wind for remaining Bore Wind-toad, a0 Ib per ang ft 
above murownding Uulldings 


ees} Live lond,.92 tb pereq A. 50% of the live Toad used for 
piles. Piers designed for 85% af live load on top floor 
aad reduced by S% lor eich lower floor until 50/%, Is 
reached. when such reduced toate shall be used for the 
remaining foors.  Wind-load 20.10 per oq ft 


Vork City.....| Footings designed for 60% of the live load 


feed, 0, ...,..] Live lonit fo lb per sg fein offices proper. 100th per eq fk in 
halls. Sebtiden, etc. Pootings for walls designed lor 50 

live oad. | Freestanding columns deaisreed for 80%; 
et woth load and 75% of 6otb load. Whnd-load so tb por 
HM for free-mandiny structures in built-up districts: 
a5 th yer ef at the toth story and a)> 1 leas for each 
ewer story, and 2}4 Ib more for each higher story, until 
35 3b reached 


————— CSCC CC 






by Maus... 















































the elenient of support which has suffered the highest percentage 
‘between the total assumed load and the total mean load, and note 






VI. ‘The method of proportioning the areas in tha 
recommended by CC. Schneider* may, in the form 
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so= the required width of the wall-footings | 
O= tho concentrated load; 
d= the area required for the support of the 
as before, the length of the side of the 
fadBwhwtVA + ae 


‘The center of gravity of the wall-load contained between 
cena ee een ee eee 


those! lool 
‘the center of tho: 





bl ee a hr oa 


the footing is reduced until its center Is oe 
the lond-di 


evident that i 
offsetting the footing must be pe) at a te cont eae 
given to the wall away from the center line of the wall. 





Fig. 18, Cantilever Fo 
it G@ must be moved to the left and the ¢ 


Tm th stance between centers of the Kp Wadd 


W = the load nearest to the property-line; 

J= the length of the supporting area; 

‘S= the unit load on the supporting area; and 

w= the distance betwoen the center of action of the lo 
and tho edge of the supporting area nearest to 


UM the ian se canta OF meaty PL Ei eee 
fart of the load on B which fy borne by the canter i 
Ae selec Witt Joe lula or point mica Gol, 
the cantilever provides & meats 
eter of any falls on the cente® as 


‘ 








B represent the distance from 
ty Wgcontes O€ peavtiyad is to fonds ak 
‘Uapecoid. 


i b=2A/Z(sB/L —1) . 
~ - =3B/L) | 
Se A te seh Me 2. 




















wall, a8 in Fig. 20, or at points close to the out 
21. Fig. 20 illustrates the objection to 


‘and the footing as a whole from acting a5 a BEAM, 
20. Methods of Calculating Bending Sonn in 


Stresses in Footings. ‘This method 1 
Tending-stresss in, th€ assumption that the pressure of tS. 
bone geht footing is uniform over the ares and 


ss Seen | 





21. Bending Moments in Footings of Colu 
General Statement of the Problem. Fig. 26 
Sapa ststin enki Soe RET ala 
Q ok 
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960 Ih per sq in. ‘The area o 
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of 
‘stress must not exceed the value of Sp, Tuble TI 


a rein siitb beam, is 15 
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Steel Grillages in Foundations 


allowed, 
iting value may be obtained by dividing the value of 5S» (Table I, 
by the factor F, the valucs of which are given in Table IX, 
For example, for & 12-In stV4-Ib beam this shearing value = 13 o60/ 
pas Wb per aq in, The shearing capacity of the beam is obtained by 
hg this unit stress by the depth of beam times the web-thickness, or 
@XO5S= 55 240 Ib, or mach more than required. Only one of the 
hee i need be considered by applying the following rule: 
tar divided by the depth of the beam is greater than the total oad 
y the product of the distance (over which the load is distributed) by 
|B, investigate for shear; if otherwise, investigate for direct. compires~ 
is rulomay also be expressed as follows: According as (J — w)/t is greater 
un 2 D/w'P, investigate for shear or for compression. Hore} length 
fe = loaded portion of beam, D = depth of beam, w' = length of beam 
ib the Joad is assumed to be distributed (often taken = a-b4 D) and 
nctor for the given beam obtained from Table EXa. All dimensions 
taken in the sume unit. If, instead of the 12-in beams, rs-in 42lb 
(ving & section-modulus of 58.9 are used, the apacing will be 98.9/ 34.8 
pearly, say © ft 8 in, By referring to Table IX, page 182, it is sen 
(pacing of the beams is well within the safe limit of the concrete and no 
Fe mccessary. 


\FXa, Values of Factor P* for Shearing Values for Various Boams 





(Bithe diferent for every beam; anc to give its value for every beam would 
fuch apace as tables of safe shears. ‘The yalues of F are not given 
eections of light beams as they are not usually good sections for grillages. 
flonesl that the stanclard weight for each rice of beam for which # is given 
[Resest weight higher then the ralimum weight given fo Table TL, pape st4-3, 
for which the minimum weight, 65 Ib. is alee. the ataedacd 

‘rule given aberre for sletermining whether web-crippling based on shear oF 
& the determining condition eliminates onc of Ube calculations to 


grillages. 
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(ol the Ganges of these beams is nearly 614 in, so that they should 
= 5% to 9 in, thus making the required length of columa-bese 
in. 

fh ef the Second Layer. Since the length of the top layer is limited 
ind the width of the lowest layer is rx [t, it will be necessary to have 
fate layer, This 







lis of 8x2, and 
iso be ample for 
irthermore, ten 
sd tocover # width: 


projection of the 
git 8i)/2-34 2 
similarly to the Lomo : car 

thear= 268 S00 Ib. Fig. 29, . Steel-beam Grillage Column-footing 
(Goce n-th, from 

betion-modulus= 736, and thirteen 15-fn 42-lb beams, spaced 108% 
FS, will be required, of two ts-in GoTb beams and ten r5-in ¢2-lb 
be used, Increasing the spacing between the beams. In this caso 
ams should be gilaced nearest to the center of the footing, “This 
(etrated in Fig. 29. 
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M Requirements. The laws of Boston require that wooden piles 
(ped with block-granite levelers or with Portland-cement concrete, 
[spacing sinill not exceed 3 ft between centers. The laws of Chicago: 
wooden piles shall be driven to rock or hard-pan and capped with 
limber, concrete, or steel, or a combination of these. The laws of 
ipecify a minimum dinmeter of 5 inches and @ maximum spacing of 
bem centers, 
kimum Loads Allowed on Wooden Piles in various cities are as 
lanta, 20 tons; Philadelphia, 20 tons; Baflalo, 25 tons; Minneapolis, 
Kehmond, 25 tons; Louis, as many tons as the piles will safely 
hicagn, 25 tons; Louisville, 20 tons; St. Paul, 25 tons; New York, 
inland, Ore., 25 tons; Cleveland, 25 tons, Most of the above cities 
fie allowed load by Wellington's formula which is hereinafter given 
\y Gander the beading, Bearing-Power of Piles. 
f Wood Used for Piles. Wooden piles are made from the tranks 
| whould be as straight as possible and not less than in in diameter 
(end for light build or 8 in for heavy buildings. ‘The woods 
(ed for piles are spruce, hemlock, white pine, Norway pine, long-leaf 
raf yellow pine, piteh-pine, cypress, Douglas fic, and occasionally oak, 
ty black gum and basswood. There docs not appear to be much 
im the woods as to 
inder water, but the 
| stronger woods are 
‘red, expecially where 
fe to be driven to 
id heavily loaded. 
ie Wooden Pile 
& The piles shoul 
fm ror pevixc by 
il Embs close to the 
sawing the ends 
is probably better 
‘the bark, although 
ire often driven with 
and it is doubtful if 
tikes much difference 
br the other. For 
soft and silty soils, 
has shown that the 
better with a square 
tm the penetration is 
fe wt cach blow the 
pile should be pro 
q ame put. 
Wow RENG, about ¢ in : - 
wear than’the bead of Fie 2+ Points of Rooiea Piles. Prepared for 
if from 245 to 5 in 
fin thick. The head should be chamfered to fit the ring. When 
(compact soil, such xs sand, gravel, or stiff day, the point of 
tld be sttoty with irom or stecl. ‘The method shown at A, Fig. 31, 
well for all but very hard soils, and for these a CAST CONICAL, POINT 
Indlameter, secticed by a long nower, with a xtNo around the end 
\eshown at 8, makes the best shoc. Piles that are to be deiven in or 

































* For 3 description of the pile foundations and capping of the Chi 
‘Freitag’s Architectural Tncinesi, ages 350 to 332, 
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Foundations,” by W. M. 
‘should be consulted for ad 
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Che larger sizes of power-hammers (Pigs 96 and 37) are practically 

hammers arranged with a special DRIVINCAEAD to 
ag employed. Such hammers are handled by nxamicks or aro 
frame simijar to a piledriver frame, Ordinary DROP-MAMMERS. 
‘used, but are not as advantageous as the 


aaterial in motion 

with less damage to the sheet-piling. 

nd dimensions of several types of pile 

ets are given in Table XI, page 204. 
Driving Sheeting Piles, In prac- 

w excavation is first made to the 


Large-lze’ Power+ 
hammer for Driving Sheet~ 
log Planks 


sheeting in advance of the excavation, 9 that the bottom 
makes a tight joint with the impervious stratum, cutting off the 
fal. Where a considerable amount of water finds its 


water must be led to a sear or depression from 
‘Where the founda- 


y, oc other material 





wad anes 


Monarch Steam Pile 
Manulacturetb by Henry J. McCoy Con 


ee 
a2 450) salt lak 
14 haa 















sheeting, Irrespective 
aie preast-pieces, for ii cave there isa failure in these 
‘Steel Various tTyprs OF STEEL sMETENG 

iinvesctbonreatGaheods bras ioe 
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[Section A-Aiiry 






ie = haem manned 
Fig. 29. United States Steel Sheet-piling 





United States Stoel Sheet-Piling * 
Composition und Dimensions of Sections 















Size Web | » 

in_|_ in 
12}4 in, 38 Ib.» hs 
9 in. 16 tb, 9 





adapted to straight or clreular work. 
* Manulactured by the Carnogie Stoel Company, 





—— 


Pig. 40. Fricited¢ Iuterlocking Channel-bar Piling ~ 


Friestedt Interlocking Channel-Bar Piling * 
Composition and Dimensions of Sections 






In 








bin, ath 1 3 axl 48 9 
pin, a i> 10 = mxh as 
Bin, sib nial 


| * Manufactured by the Carnegie Stee! Company. 





Me-in plate, weight per ee in oa 
Wein plate, welt por equare oot, in pounds 


Plates may be obtained curved to any radius for ciroular work 
* Manulactured by the Mitchell-Tappen Company. 
a 





‘No. 1¢-gauge, weight per square foot, in pounds.| 
[Raia malions weisht par ace foot, ta pounds, 








Fig. 44. Werlinger Steel Sheet piling 


‘Wenilinger Steel Shoet-Piling * 
‘Composition and Dimensions of Sections 


\geniter to conter of lap. 
Iper square foot in pours 





inensions given usw in inches. 
* Manufactured by the Wemlinger Steel Piling Company. 


or Chicago Method & a special method of excavation 

i use in Chicago and in occasional use olsewhere for excavations which 
jest tae aetna raha It has the advane 
the ordinary shcet-piling method that the lining of the excavation is 

ee ‘The method is not generally used for trenches or for square ex- 
eas a circular excavation is more readily handled. The success of the 
depends entirely upon the character of the material to be encountered, 
excavation is first made and the sides of the excavation afterwards 
MM. “Fhe method ie detail for # circular excavation for a pier-foun- 


ertical planks called LacceNGerteces, 5 ft in length and slightly beveled 
edges so that cach ploce may be considered asa stave with rudial joints 
fading to the size of the required circle, are set in place against the walls 
‘xcavation. These planks are held in place by two or more steel rings, 


above the excavation may be carried down for an indefinite 
a depth of roo it having frequently been attained, In many cases 
tom. of the excavation is MELLED oUF toa larger diameter than the ex- 
for the main shaft of the pier with the object of reducing the load of 
See els mle than he safe ult load on the main shaft of 
|, This method is not adapted for running sand nor for clay that is not 
edih to stand with vertical sides during the necessary interval between 





of pumps. 


the 
quanti 


where large 


cereney 
‘are similar to 
sed 


sae 
Wells 
and 
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jing, Tn building up the working-chamber, the mtzetor roms are 
I&S to support the concrete which makes the roof. “These are subr 
moved. The exterior forms may constitute a permanent part of the 

which case they are called a CorrER-nam, or they may be removed 
je concrete bas sufficiently set. At the center of the pler an open- 




















Fogrestes, carebe- Pig, 45, Typical Form of Reinforced-concrete 
Cason 


During the progress of sinking compressed air is conducted to 
thamber through the surruv-rive: G, the excavated material being 
igh the smarr #, ‘The shaft # is teed with a LanpER for the use 
— 
| nd Filling. In qloking the calison and super~ 
| Gare must be taken to mafntaln it in @ vertical position. ‘This 
‘accomplished fn large caissons by means of the excavation itself, 
(ide of thie caisson is high the excavation on that side will be carried 
ladVance of the excavation on the low side, and the material under 
of the high side will be removed while a bank of material Is 
cutting-edge of the low side, ‘Thoso methods, however, are of 
the caisson is narrow, ‘In such cases that part of the caisson 
ground is held fo position by Guwes or other devices; but it 


cites 
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iy means of heavy inclined posts called swones, arranged to act 
DuUMENS oF ErxoTs, Each Suort consists of a post, the lower 
tests ou @ rEATroRM, generally consisting of planks and timbers 
to form & temporary spread footing. This platform should be 

pth which will insure that sntsequent operations will not under 
‘upper end of the post fits into a hole or niche cut into the wall 
post itself may be a timber with a square cross-section, 

‘of the required length. Provision is made, between the 

the lower ent of the post, for wees or JACKS, so that when 
lifting effect transfers part of the weight of the wall from its 

| seopecary foundation or platiorm. During this operation all 

porary structure are in compression and brought into bearing, 

fal under the platiorm is compressed and solidified ay much as 


tores. If the snore is to act preferably for cirrinc only, it is 
vertical as possible and is known as a urtiva suowx. If it is 
ily to combine a horizontal pusimc action) with the lifting 
iced at a considerable angle from the vertical and is then known 
SHORE of STEADYING suoKE. In arranging such shores care 
ito have the niche cut close to a floor-level of the building to be 
irise the horizontal component of the thrust of the shores might 


4 Sizes of Shores. Whore a wall is light, a number of smaller 
beamed in preference to a few large ones. Where a wall is high, 


wood and are generally arranged in pairs, both 

at the same time. ‘The lilting effect of such wooden 

tat Phere a considerable settlement of the temporary 

fatleipated, it is more convenient to use serew-jacks, as they 
ponsiderable settlement, 

ind Types of Screw-Jacks, The scnew-jacks usually mann- 

are made of cast iron and have rough threads, with, 

. Serewjacks of a better kind ace 

Such jacks can be 

Fala weigtis op vs 200 tone Figs 46 and 47 represent: 








weap. Such an arrangement is illustrated in Fig. 49. Yt thas the 
that allot operating the jacks, blocking and wedges can 
platform-timbers and the. cros-head so that the post resti 

has a direct and solid bearing on the platform, By this 

wall can be thrown on the platform by the jacks and 

ing is in position the jacks can be removed. 
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Fig. 50. Shoring an Ornamented Wall 


the a blocksand the} blocks for wdjusting wedges w. w. etc. Three 
(Tis Ts aseh Ta were keyed and bolted to VV and transmitted to it 
Ethe three shores, Sj, Srand 5}. Each shore had a Go-ton sctow-jack 
Bach shore fs shown fitted with » pump or detached extension: 
(ped for the ecrew-jack, 

| 





Fig. 51, Wall-neediing and Uaderpinning 


have this pit approach to within a few feet of the footing course 

in material which is Viable to run it should not approach the 

its depth. No hard and fast rule can be given, and in every: 
be taken to prevent any mowement of the material 

joining footing. 


(3) The Platforms, On the bottom of this ser 
is placed, generally composed of heavy timbers 
planks, and acting as a support for the outer end of 
Sear ce casio enllar ie tay be Oe Sete 
vide for the support of the inside end of the needle: ul 
deatruction of the cellar-loor the method of Taine inside 
generally clifferent from this. If the material is solid it is someti 
to place the platform for the support of the inside endl of the 
‘on the cellar-floor and at such a distance from the wall that 1 
‘excavation for the new footing will not disturb it; or the: 
‘placed on the cellar-foor and a line of sheeting LL, properly. be 
‘that the A ceased mre yee a This is, 
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don of the Needles. Having provided a support for each end 
‘only romaias to cut a hole through the wall, as at A, insert the 
the post and blocking MV under the outside end of the needle, 
jand jacks under the lnside end. The post AV may be fitted 
thown at A, or with one or more screw-jacks. The needle GG 
oor more heavy timbers or one or more steel 2 beams. In any 
{come om this needle should be Ggured strength made 
support such load, As soon as the weight of the wall Wi ts 
¢ needles and to the temporary platforms prepared to receive 
ut of the wall which is below the ncedies and all of the foot- 
wed and all of the excavation for the new footing made. 


eS 


. Nowdling Brick Wall 


Brick Wall. Fiz. 52 shows the clevation of a brick wall sup- 
Ges Tf the needtes are carrying the entire weight of the wall, it 
the level ef their upper surtices the entire weleht will be 
those parts of the wall which are immediately above them, 
Points the material <omposing the wall will comnet our 

. 52 hy the heavy zinesg lines AAAA A, 

this line will be supported simply by conestox to the part 
Ap/cxperienced! man can yletermine the location of this 
piven by the wall on being struck by 2 hummer. All of the 
is HANGING and liableto fall as soon as the support given by 





c) : 


Fig. 58. The Figure-four Method of Noedling 
‘to the footing and the footing has demonstrated tl is 
¢ without further settlement, a 
the : 
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hore C and another equal or nearly equal part is carried by the needle 
heede-beats 8 being really balanced on the block dd. 

‘Needles. Fig. 54 shows a method frequently employed, known as 
fewxpex snettion. In this case the needle engages with the wall to 
Red and also with an adjoining wall. A temparary platform is placed 
b the wall to be supported, W, as is practicable. ‘The uplift of the 





Fig. 54. The Spring-ncedle Method of Underpinning 


ng to Uft the necille-team acts un both walls, but on account of its 
‘ated nearer to the wall to be lifted, a large proportion of its effect is 
(bereon. 
or Cylinders for Underpinning are {requently used for the support 
ane have many advantages, as they not only afford a support for the 
(hrowgh the operations affecting the stability of the wall, but also form 
heat sepport. ‘The operation in brief is as follows: A hole or niche is 
wall and footing to be supported, of sufficient size to permit the intro» 
dim section of sriiet rtrx, in such manner that the center of the pipe 
} below the center of the wall to be supported, the height being sufficient 
himodate a section of pipe and also the means employed to drive 
may be driven (t) by mynkattic sacks or by scerw-sacks, placed 
tthe top of the pipe and the wall itself, as by the patented BreucHaup 
(2) it may be driven by means of a rowes-HAsacen driven either by 
comprested air; or (3) in some cases, where the material is fine sand or 
Pipe may be yerren or the yeraucruon may be used in combination 
es jacks or power-hammers. In any case the first section of pipe is 
(to the ground and additional sections are added until the lower end of 
frcotntiers rock or some material possessing sufficient stability to insure 
fedsupport. ‘The material entering the pipe is removed by # WATER- 
fother means and the space filled with concrete, As soon as the con- 
set safliclently the pipe is capped with a special casting on which short 
Nims aire arranged to distribute the support of the pipe over x consider- 
of the ase of the wall to be supported. These 1 beams correspond 














I be used when grester accuracy of results is 1 
Notes Regarding Use of Table 1. The values in 
from the formula } = 1d ‘W'Sj/wf which is derived from 
beam, and slightly @ 
riumerical onefficient of the second member of the equation 
To this equation, f = the maximum allowed offset of the 
d= the thickness of the footing course in Inches, Sy the 
* See Offset Footings, Chapter IL, especially Subdivisions 17 and: 
4 See, Chapter IT, Subdivision 22, for a complete discussion of 
in the design of projecting footings, ratio of projection to depth of 
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mone brick to three bricks in thickness, The beicls used for foot» 

‘the bardest and soundest that can be obtained, should be laid in 
(tar and should be cither grouted or thoroughly slushed up, so that 
(shall be entirely filled with mortar. The writer favors GRourING 


stter has been. care- 

All bricks aid in 
[ey weather should be 
wet before laying, for, 
they pee Seats Fig. 5. Brick Footing. Wall Two Bricks Thick 
[taina, greatly weakening the adhesion and strength of the mortar. 
tention should be given to the laying of the footing courses. of 
hs upon them the stability of the work largely depends. If the 
feses are not solidly bedded, if any rents or volds are left in the 
© masonry, or if the materials themselves are unsound or badly 
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Fig. 6. Brick Footing. Wall Three Bricks Thick 


(ee, defects in the superstructure are almost sure to show them- 
is later, and almost always at a period when remedial efforts aro 
expensive. 


[ Arches. In 2 few, buildings im which the external walls are 
piers with wide openings between them, and in which the supports 
Hf ithe soll bs not more than 2 of $ tons per sq ft, it was thought desir- 
fect the bases of the piers by ineans of iNveMTED ARcites, for the pur= 
(Gbuting the weight of the piers over the whole length of the footlngs. 
Winveeted-arch footings are shown in Figs, 7 t and 8,{ which represent 
¥ the comstruction employed in the Drexel Building in Philadelphia 


[exanipte worked out in full, showing the method of proportioning Inverted 


hyo Bulldiog Construction xot Superintendence, Part 1, Masons? 
be Engineering Record, May, 1899, and Nov, 1390. 








arches. About ad 
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‘The following, relating to inverted arch 
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‘Walls of the Superstructure 


\HIL* Thickness in Inches of Walls for Mercantile Buildings and, 
in Chicas, for All Buildings Over Five Stories 'in Height 
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th stories and clear spans exceeding 2g ft require thicker walls. 

e length of a wall is a source of weakness, and that the thickness 
eased 4 In for every 25 ft over 100 or 125 ft in length. In New 
Aneases given in the table must be Increased for buildings excecd- 
Jepth on the lot, In Western cities the tables are compiled fo 

ts ft in depth, as thot is the usual depth of lots in these 


ills containing over 455% of openings should be increased in thick 


ittition walls may be 4 in lew in thickness than the outside walls 
‘ft long, but that no partition should be less than 8 in thick. 


ed with Ashlar. "In reckoning the thickness of walls, Asurar 
acheded unless the walls are at least 16.in thick and the ashlar its 
thick, or unless alternate courses are at least 4 and 8 in to allow 
the backing. Ashlar shall be properly held by metal clamps to 
f properly bonded to the same." * 


fis should generally be 4 in thicker than required for brick 


Alis.| Hollow walls are undoubtedly desirable for dwellings, and 
used for other buildings not more than four or five stories in height, 
the security afiorded from the weather. Owing to the fact that 
Iby more expensive than solid walls and occupy more space, they 
istensively used in this country. 

‘building law requires that “vaulted walls shall contain, exclusive 
same amount of material as is required for solid wulls, and the 
te Rnside of the air-space in walls over two stories in height shall 
jam 8 in thick, and the parts on either side shall be securely tied 
(thes mot more than 2 ft apart In each direction.” 


foncrete Blocks. Blocks made of Portland-coment concrate, and 
ds, are frequeatly used for building walls and partitions that are 

thin and bear light loads. Patents have born taken out on 
§ of blocks and on machines or processes for making. the same, 
dings have been erected with walls built of these blocks. Most of 
| molded so as to form hollow walls. Block construction of this 
Advantage aver poured. walls, in that the blocks are thoroughly 
'e they are set and hence no provision is required for expansion or 
For the thin, light walls above mentioned the concrete-block 
k better adapted than solid concrete. ‘The expense of forms is 
iso the tendency to crack and to leave an unsatisfactory surface 
fete blocks may be substituted for any ordinary. stone or brick 
ding laws asually require the thickness of walls of hollow con- 
tbe not Jess than that required for brick walls. ‘They should aot 
ty walls. (See, also, Chapter XXIII, Subdivision 2.) 


Hollow Tiles. Hollow tiles are used for the external walls of 
sometimes for factories in some locations and under certain 
For example, the building laws (x9r3) of the District of Columbia 
aa 12 in in thickness, to be used for the 


Law, io foree in. r9es. 
feerotn of thn cmt of for, ick, wll ae pages 
jane Sapeniarendence, Fact J, Masons’ Work, by F. E, 




















Artificial Cements: 237 


kp Specrpicatoss ror PortLaxn Crunwr.* The following extracts 
last important requirements for Portland cement: 
fuow. ‘This terns is applied to the finely pulverized product resulting 
‘alcination to inelplet fasion of an tatimate mixture of properly. prov 
argillaccous and calcareous materials, and to. which no, additien 
fin 3% has been made stiteequent to calclnation. 
eGaavery. The specific gravity af cemont shall be not Tess than 3.10, 
E test of cement as reovived fall’ below this requirement, a second test 
fade wpon a sample ignited at low red heat. ‘The loss in welght of the 
rent shall not exceed 4%, 
bs. Tt shall leave by weight a residue of not more than 8% on the 
fot more than 25%% on the No. 200 slewe. 

Serrevc. Tt shall not develop initial sot in less than 30 minutes, 
Hevelop hard set in not less than 1 hour, nor more than ro hours. 
q ae ‘The minimum requirements for tensile strength for 
cram-section shall be as follows, and the cement shall show 
Keats strength within the periods specified: 








Near Cement 

Sreeworm 
bestn molst aie... 475 Ib per eq in 
va (1 day in moist ale, 6 days in. water). 900 Ib per sq in 
ye Ui: day in molst ale, 27 days in water)....,. 600 Ib per sq in 

fe Paer Cemext, Tarre Parts Staxparn Orrawa Saxp 
y= (x day in moist alr, 6 days in water), 300 Ib per sq in 
ys G day fn moist air, 27 days in water). 275 lb per sq in 





fecy OF Vortut. Pats of neat cement about 3 in in diameter, 14 in 
fm ot the center, and tapering to a thin edge, shall be kept in’ moist 
ferlod of 24 hours, 
fat & then kept in air at normal temperature and observed at intervals 
(a8 days. 
Wher pat is Kept in water maintained as near 7o" F. as practicable, and 
ie intervals for nt least 28 days. 
hind pat & exposed in any convenient way in an atmasphere of steam, 
lng water, in a loosely closed vessel for 5 hours, 
ats, to satisfactorily pass the requirements, shal) remain firm and hard 
ino signs of distortion, checking, cracking, or disintegrating, 
ie Actp AND Macwesta. The cement shall not contain more than 
babydrous sulphuric acid ($O;), nor more than 4%) of magnesia (MgO). 
fn oF Stag Cements are not used extensively and pever in important 
heir manufacture and properties may be briefly described us follows: 
4 basic lag fs granulated by running It in a molten condition into 
‘hs accomplishes two objects. ‘The slag is broken up into fine particles 
foddes chilling enbances its hydraulic properties. ‘These particles 
land ground with hydrated lime, in the proportion of from #5 to 25% 
td'lime and from 7s to 85% of granulated slag. Such cement, known 
[Eawrr, is stow-setting and slow-hardening, and docs not develop as 


Speceations for Cement adapted Aweuse 16. 1909, by the Amer+ 
ea seats Sint ofa Jind Gatreme paella 
o> 4 faint Cooserente, fu 
eee maesona sreciicationg Sor cemcss, 28, 




















of purposes ts mpidly extending, due to the reduced price of 
tt, and to a better appreciation and understanding of its proper 
its Concrete may be defined as an artificial stone, made by 
1t, water and what is called an aggregate, consisting of small and 
bof sand or screenings and gravel or broken stone; and when 
dod Portland cement, in proper proportions, it becomes so hard 
jat_when pieces of it are broken, the line of fracture often passes 
‘articles of stone, showing that the adhesion of the cement to the 
éx than the cohesive strength of the stone itself, 
fates. ‘Extreme care should be exercised in selecting the aggre 
tar and concrete, and careful testa made of the materials for the 
ttermining their qualities and the grading necessary to secure 
sity or # minimum percentage of yolds. A convenient coefficient 
ithe ratio of the sum of the volumes of materials gontained in a 
the total unit volume, (See, also, page 944.) 
Aggrerstes should consist of sand, crushed stone, of gravel sereen- 
pam fine to coarse and passing when dry a screen having M-in diam 
trably should be of siliceous material, and should be clean, coarse, 
it, soft particles, vegetable loam or other deleterious ond 
6% should pass a sieve having 100 meshes per lin im. Fine 
Iways be tested. Fine aggregates should be of such ‘quality 
foeaposed of one part Portland cement and three parts fine aggre- 
ot when rats into briquettes will show a tensile strength at least 
mortar of the same consistency made with the 
and accel Ottawa sand. ‘This is a natural sand obtained at 
passing & screon having 20 meshes and retained on a screen having 
Flin in. It is prepared and furnished by the Ottawa Silica Com- 
(per lh free on board cars, at Ottawa, Ill. under the dircetion of 
Sommittee on Uniform Tests of Cement of the American Society 
ineers. Uf the ageremite be of poorer quality the proportion of 
@ be increased in the mortar to secure the desired strength. If 
Heveloped by the aggregate in the +: 5 mortar is less than 70% of 
of the Ottawa-sand mortar, the material should be rejected. To 
noval of any coating on the grains, which may affect the strength, 
ould not be dried before being made into mortar, but should con- 
olsture: The percentage of moisture may bo determined upon a 
ple for correcting weleht. From ro to 40% more water may be 
nixing bank er artificlal sands than for standard Ottawa sand to 
ume consistency. 
te Aggregates should consist of crushed stone or gravel which is 
(scteen haying M-in diam holes and graded from the smallest to 
faiticles; ‘they should be clean, hard, durable and free from all 
hatter, Aggresates contalulng dust and soft, fat or elongated 
iid be excluded from important structures." 
Patone bs suitable for the coarse aggregate which has such strength 
fgth of the concrete # pot limited by the strength of the stone. 
Ih & of little advantage beyond this ininimum. The stones genor- 
are granites, traps and limestones. Shales and sandstones of 


emitter of this parageacih, and of following paragraphs relating to concrete, 
[st eewchusoes formulated by the joint eommittacs ofthe Am. Soe. CE, 
Dest Matec Ar My Ene ad Ae of Way su end des, of Ann, 

Se regard te Agsraertes. otc, 20, also, the sare subjects ia 


Aang 3 acd ig. air Restistes oo pase 315 in that chapter, 























ich of dente an rh he 
Peiedto om dipe| u 


pthe quantities of Portland, 





Pet awerewW Hus Aer Coalinga? we 
‘of Portland. Cement, por Cubic Yard of. Mortar, 
+ 38%, £ bbI of cement yielding 5.65 eu it of cement 


weatte | to prtorty) rtoe }4 to ae 
| [_——— |__|} | 
















remember that the proportion of cement: to sand is 
yy weight, I the specifications state that a barrel of cement 
hold 4 cu ft, for example, and that the mortar shall be 

om the Handbook ol Cont Data for Contrsctoes and Ea- 
fier Tae Mma C Clerk Pubilabing Company, 
Sew quanctes ines cle, of bulldine aatoriate sn ne Om, 

















Conereté 


igth of Concrete. Sce Chapter V. 

tamples of Portiand-Cement Concri From the foregoing it 
for foundation-work to-day, mass-concrete varies in proportions 
$@toar: 4:8 mix. Some of the earller examples are added for 


fas of the United States Naval Observatory, Georgetown, D. C.: 

bt, 2h4 sand, 5 gravel, ¢ broken stone. (1 bbl of cement, 380 Ib, 

if of concrete.) 

ins of the Cathedral of St. John the Divine, New York: + part 

het, 2 parts sand, 5 parts quarts gravel of pieces from 114 to 2 in 
(97 000 bbl of cement made 11 000 yd of concrete.) 

ft Life Tusurance Building, New York, filling of caissons: ¢ part 

nd cement, 2 parts sand, 4 parts broken stone: 

Building (25 stories), New York, filling of caissons: 2 part Portland 

(ets sand, 7 parts stone, finished on top for brickwork with 1 part 

| parts gravel. 

Baker states that tho concrete foundations under the Washington 

ere made of 1 part Portland cement, 2 parts sand, 5 parts gravel 

Sroken stone, and that this mixture stood, when alx months old, & 

Ib per sq In, oF 244 tons per aq ft. 
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{can be resolved into two component forces, onc, AC, normal to the 
ive andl the other, AD, parallel to it. It is the parallel or tangential 
(tends to pull the body down the plane and which is resisted by the 
peloped between the two surfaces. The friction developed between 
‘laces im contact depends upon the nature of the materials of which 
imposed and the intensity of the forces pressing them together; and 
hhe tendency to slide only up to a certain point. As the angle ¢, 
{inclined plane makes with the horizontal, increases, the tangential 
|, of the weight W’, increases, until it becomes greater than the 
fesistance, and the body moves down the plane (Fig. 3). From 
= 





THWaing 
N=Won¢, of T=Ntang 


evidently a position of the plane, intormediate between the positions 
figs. 1 and 3, in which the component force T is just balanced by the 
Wd in which the body remains at rest although just on the point of 
IgA). If tho angle which the inclined plune makes with the hori- 
he moment when the boy is just about to slide, be designated by #, 
Aideveloped between the two suefacrs will be equal to N tan @, since, 
ngle of inclination of the plane to the horizontal is ¢ the tangential 
bof the weight just balances the friction. From the equation T= ¥ 
‘evident that the friction is directly proportional to V and to tang. 
then known as the COEFFICIENT OF FHICTION and @ a8 the ANGLE OF 
be im the case of stone surfaces, it is often known as the ANGLE oF 


owing Table I gives the average values of these constants as deter 
experiment. 


Table I. Coefficients and Angles of Friction 





Coefficient of Angle of | 


Bias Mi parte friction, tang | friction. 








limestone and srbte: 
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fiscassion only the weight 45 (Figs 2, 3 and 4), of the body has been 
lg but the body might be subjected to the action of other forces be- 
force of gravity, io which eue thee other forces would be combined 
helebe ut eker to find the conuitant, this resv/taat being again resolved 
iieilands sormal composent. Stace the angle 810 is equal ty the 
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distributed, 
That tony, Ib the strom to which the casfor pareot the 
ibject & a COMWRESSIVE Stross, the stress acting on the remainder of 
4 THEE stress, The streves in a surface resulting {rom three 
the resultant, foros may: be illastested graphically, ai 


> % Retaining-Walls 


lo ‘ 
as A Reramstyo-Waut ls « wall built to resist the pressure’ of 
I deposited 







amount Ben materizl. ‘here wre so many conil- 

exerted hy the backing depends, such as 

the material, the mode of backing up. 

s sige grin thrust which 
‘a given height. It f+ mecrwsary, therefore; 

to be pubiest by expericace rather than by ae 





whieh the conditions are not shown in Fi 
limited amount of Gil or now material put in. beh 


original slope of the grade; cases in h 
built oa the natural cele of oe at 
te trrace or embankment and whre all the 


erally used for fill is given in the following 
Table II. Slopes of Repose, Angles af Repoto 
Materials 
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Retaining-Walls 


Tinear inch, the area of the triangle of the base of the prism, the 
ined, being proportional to the volume of the prism and 


i these overTURWING and SLIDING-TeNnENctES, the weight of the wall 
‘Pressure of the earth behind it should produce « resultant 

following conditions. First, its sAcxrruoe should not 

cause a unit pressure on the foundation-bed,greater than 

bear; secondly, it should pass within the amore THe of the base 
stress over the entire area of the base will be a COMPRESSIVE stress; 
\, it should make an angle with a normal to the plane of the founda- 
ft greater than the aXGLE oF s11CTION between the stone, brickwork, 
other masonry of the footings and the sand, clay, or rock of the foun 


to determine these conditions, the cExTER OF ORAVETY of the cross 

the wall must be determined and a vertical line drawn through this 

St Intersects the line of the xarnt-runvst produced. It is at this 

| 0f the Epes oF acriow of the two forces that thelr RESULTANT 

ind the Crtex OF Gkavrty of the cross-section of the wall, the method 

| Ehe trapezoid Into two triangles has been followed, the center of 

ing joined by a fine, 

of this line with the median Tine drawn between the base and 

center of gravity of the trapezoid. In this example, 

used for the composition of the forces of the pressure 

and the weight of the wall is one-half the scale used for the 
the forces representing the weight of the carth-prism. 

trial, shown hy the green lines, the first and third conditions neces- 

lire stability are fulfilled; hut the second is not, the resultant pass~ 

the wenpte Tare of the base, ‘This indicates, theoretically, a 

(La stress or a tendency for tho joints at the back of the wall to open. 

lal, therefore, is shown with the red lincs, the thickness of the wall 

In this second trial the 

1¢ RARTHTARUSY remains 

‘case the resultant passes within the middle third, it is 

of these dimensions, ft base by x10 ft beight and with 

will be safe and will properly resist the thrust of the carth- 


~The importance of making the resist~ 
has ‘of the adhesion of the mortar is obviously very great, as it 
twise be mecemary to delay the backing up of the wall until the mortar 
set, which might require several months. 
It Is ailvisable to let! every third or fourth course below the frost. 
an inch Or two iis jncreases tbe friction of the carth against 
Hatten? of the forces active bekint! the wall to become 
Mo fall farther within the base. incressine 1h 
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Retaining-Walls 


| ‘Table TI. Proportions of Retaining-Walls 
_ (TBickeness of wall at the base in parts of the helght, AB, Mig. 16) 





tof tive eartts! Wallet cut | Wall of rubble or | Wall of good, 
Ee ae stone in mortar |brick, good mortar) dry rubble 
rs | 
' | Oss 40 O50 
ia aa our OST 
ta 0.46 ost o.6r 
1a ow 0.84 2.64 
ta ous o.56 2.66 
Ls os ost 0.67 
16 0.54 6.59 ey 
7 O55 0.60 %.70 
8 0.56 O61 ott 
2 0.8 ot OTs 
as °.60 ods OS 
3 of 0.6% oF 
4 0.63 ot 8 
6 0.64 0% a7 
u 0.65 0.70 | of 
3 0.66 ont om 
or mare 0.68 om | eB 











from the top of the wall to each of these levels, If the earth is banked 
the top of the wall, the thicknesses should be increased as indicated by 
Sle given above. If built upon ground that is affected by froat or sur- 
inter, the footings should be carried sufficiently below the surface of the 
Hat the base to tnsure against heaving or settling. 





WA Retainingwall with Rais Sand Pig. 17, Retalning-wall with Stepped 
Hacking Back 


|e agted Retaining-Walls. With the constantly increasing 
REEMPORCKD CONCERTE for various purposes, there has come, also, the 


of retaining-walls fn this materiv) » IR? 19° and 29° 
three designs by AZ. fahusad for retaining-walls to satisly the 
+ Plain ast Relatievad Concrete, Tuyhoe ant Thorapeon, 








Fig. 18 Relnforced-concrete Fig. 19. 
Retaining-wall, $ ft High 


upward pressure of the foundation-bed and the 
ward presures of the fill. In Fig. 20 the corin. 
DOTH ENDS, eS equal to. See 
and loaded with the proper proportion of i at 
the fl bain! the wal aed teamenited to the 
tansy cen fbatel low. The ¢ 
to an tely ev tribut s 
MAXIMUM BENDING MOMENTS for these varlous cases 
[cies Day edt einer) Socio ws and 
idea decided by the rules given in Chapter XXIV. 


3, Brenst-Walls 
pee Where the ground to be supported is 


























Vault-Walls 3 


tthe newly opened ground to the Influence of air and water longer than is 
E for sound work, and to avoid leaving the smallest space for motion 

the back of thewalland the ground, The strength of a breast-wall must 
bportionately imcreased when the strata to be supported incline down 









Fig. 20. Reinforced-concrete Retaining-wall with Counterforts and Aproa 


flethe wall; where they incline down from it, the wall neod be little more 
femme FACING to protect the ground from disintegration. ‘The preserva 
Md the SATURAL DRAINADE is ane of the most important points to be 
fled to in the erection of breast-walls, as upon this their stability in a 
lmeamare depentls. No rule can be given for the best way to do this; it 
batter for attentive consideration in cach particular case. 


4. Vaeult-Walls 


(wlt-Walls. Tn large cities it Is customary to utilize the space under the 
for Morige or other purposes. This necessitates a wall at the curb- 
‘bold back the earth and the street-pressures and ali the weight of the 
Where the space should be divided by partition-walls 
Leman se fe and wha this & dooe the outer wall may be advantageously 
(aod belch ta the forse of arches, 2s shows: ja Fig. 21, The ran 





Pig. 21. Vall yh Pst 
inl by in hapa 1 bam ! 
‘arches themselves 


Sftapart. The 








Hart ordinary clay tlles, 
Porous terra-cotta tiles 


Ta Sein joints, tmonthe old 


Portland-cement mortar, 1 : 4. 

Natural-cement mortar, 5 

Lime mortar, best 

Best Portland. 

iron plates, a. 

she Vanes see heretee ee es re 
tects and engineers of Chicago recommended 
ing sare Wouxino PRessuMES for brick and stone c 
Common brick of crushing strength equal to 1 80 Th Ub 
sper sq in; in 
Tn lime mortar, 

Tn lime-and-cement mortar. 

‘Tn natural-cement mortar 

In Portland-cement mortar. 


«Salyer * 
teks loads ave alte Whe Chen Hating 
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1d, common brick, of crushing strength equal Lb per Tons per 
pa tb per aa in: ‘ain ig 
t Portland cement, 1 lime-paste ands sand. 73.3395 
Portland-cement mortar. . taScecrige oS? aM 
 semer-beick, of crushing strength equal to 
{lb per sq ins 
Poctland-cement mortar........ a0 
tk, in 1 : 3 Portland-cement mortar 350 ahh 
vatural cement, 12215 eg 1 18386 
Portkand cement, x 31:6, machino-mixed.. goo’ a8 
Portland cement, 1:3 +6, hand-mixed 308 
Portland cement, x/¥ 21: 4, machine-mbxed yoo 2846 
Poetland cement, + + 2-54, band-mixed, 350 ash 
(coursed, in time mortar... Ld Sas 
coursed, in Portland-cement mortar... 10076 
lirserd, fis Hine MORE. es cessnevay en 100 BY 
ltrsed, in Portland-cement mortar 300 14k 
Stone, in Portland-cement mortar. qo 3846 
nite, if Portland-cement mortar. ... 600434 
Table Il. Comparison of Building Laws 
Bow | Buts| New| Chi-| st, | PB" | Den 
Yon, | lato, |York,| cago, |Louis| Shia, | vere 
Materials 1999 | 1909 | 1986 | sos | 1907 | roey | 18 








WSeeAtn Then & 
limestone, cut... 4e 
sad, out; » 
4 rick fin Portland 
20 | 42 | a5 | sahs) 
9 + | 10, 
a4) 
6 614) 
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s,m 
4 | 16.5 18-284 
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toortar. 
M-coment rosetar, ro; in Lime-cement mortar, 74 in lime mortar, 5. 
moisture. 


fe tes ale brickwork Is subject to fts full safe restitance 
acer bearise paves, Ig he 


(ley ad ly al sectivcey of wal, 





dimension. 
_ Por piors laid with rich lime mortar; 


‘Safe load per square 


12 In in cross-tection, 
following is the Chicago law (1914): ““Tsokat 
‘or masonry shall not be higher than six times their 
the above unit stresses } are reduced according to the ilo 


PC (135 H/20D) 


height of the pier ja fect and D the least 
Bier shall excoed in height twelve times tho leat 


ha dae shal bee mddl 4m otha 





felves, and sot by direct crushing of the bricks or mortar, showing 
ire weakest in their bond and in the tensile or transverse strengths of 


ea in Brick Piers. Many competent architects and builders 
fat the strength of a brick pier is increased by inserting bond-stones, 
nin thickness and the full size of the pler In cross-section, every J ot 


for the City of New York (1906) requiee 


tam, girder, arch, or column on which a wall rests, or 

‘over 10 ft and supporting a wall.” The New York laws allow cast~ 
of sufficient strength and of the full cross-section of the pier to be 
(dof the bond-stones. On the other hand, there are many first-class 
to consider that bond-stones in a brick pier do more harm than good, 
ithor is of the opinion that this is generally the case, The Boston 
‘aws do not require intermediate bond-stones. If bond-stones are 
should be bedded so 45 to bear rather, more heavily on the inner 
the pier than on the outer 4 in, for unless this is dane the outer shell 
ost of the load, and will be likely to bulge away from the core. A 
isapports a girder or column should have a cap-stone o¢ fron plate of 
trength to distribute the pressure over the entire cross-section of the 


heed with Stone, Terra-Cotta, or Cement Blocks. Brick walls 
(blocks or ashlar of any material should always ha 
mortar or tn cement-and-lime mortar, unless tl 
Is, 30 In or more. The aggregate thickness of the mortar joints in 
ee wpreater than In the facing, that any shrinkage or com~ 


it 


foatest pieces of masonry In the world, were grouted 
‘de stated, however, that there are many engincers and 
in grouting, clalming that the materials tend to, 


of Brick and Stone. If we assume that the weight of 
per cu ft, and that it would commence to crush under 700 Ib 
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tee were tested in the government testing-machine at Watertown, 
jeat care was exercised to make the tests as perfect as possible, 
[plates between which the bricks are crushed are fixed in one poal~ 
pesaary that each specimen tested should have perfectly parallel 
ticks which were tested wore rubbed on # revolving bed wntil the 
im faces were perfectly true and parallel. ‘The preparation of the 
way required a great deal of time and expense; and it wasso difficult 
pe of the harder bricks that they bad tobe broken and only one-half 
wepared at a tice. 
lelphia bricks used in these tests were obtained from a Boston 
ure fair samples of what is known in Boston a Philadelphia Face 
were very soit bricks. 
bricks were the common bricks, such as are made around 
ly_are about the same as the Eastern bricks. 
1 Terra-Cotta Company's bricks were manufactured of a rather 
were such as are often used for face-bricks. 
= bricks were bydraulic-pressed bricks, and were 
as 
made on the same mathine by the United States Government in 
frage strength of three (M. W. Sands) Cambridge, Mass., face» 
(925 Ib, and of his common bricks, 18 x17 lb per sq in, one beicke 
enormous strength of 22 x¢¢ Ib per sq in. This was a very hard- 
‘Three bricks of the Bay State (Mass,) manufacture showed an 
ath of 11 400 Ib per sq In. The New England bricks are among 
nd strongest in the country, those in many parts of the West /not 
wurth the strength given above; so that in heavy buildings, where 
of the bricks to be used is not known by actual tests, It Is arlvisable 
iricks tested, Ira. Baker reported some tests on Illinois bricks, 
100.00e-pound testing-machine at the University of UMinois in 
jowhich give for the crushing strength of soft bricks, 674 tb per sa in, 
pe of throe face-bricks, 3070 Ib por sq in, and for four paving- 
Wb pers in. Tn nearly all makes of bricks it will be found that the 
© pot as strong as the common bricks. 
the Strength of Brick Piera Laid with Various Mortafs.” 
ere made for the purpose of testing the strength of brick piers 
different cement mortars, as compared with those laid wp with 
far. ‘The bricks used fn the piers were procured at Mf. W. Sands's 
imbsidies, Mass. and were good ordinary bricks. "They were fram 
6 the samples of common bricks described above. The piers 
(nin erosesection, and nine courses, or about 22!% in hich, except- 
Which was but cight courses high. They wore built Nov, 20, 1881, 
(orehouses at the United States Arsenal in Watertown, Mass, In 
the two ends of the piers perfectly parallel surfaces, a coat of pure 
ent, about §4in thick, was put on the top of each pifer and the foot 
lis the same cement. On March 3, 1882, three’ months and five 
le tops of the pices were dressed to plane surfaces ut right-angles 
Wf the piers, On attempting to dress the lower ends of the piers, 
tout peeled off, and It was necessary to remove it entirely and put 
Kement similar to that on the tops of the piers This was allowed 
‘ome month and sixteen days, when the piers were tested. At that 
wore fear months amit trentyse'r days old. As the piers were 
vemther the boils were wot wet. They were built by a skilled 
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Teats of Brick Piers, McGill University Laboratories, March, 1897 























Crushing 
yen 
sions ot | Composition of | 5; ‘ leks Lee! 
& oo Kind of beickn |= =>] vee 
1 Canadian Port-| Ordinary well- 
landcement | burned flat fm 1234 | 3 wooks 
mortar,zsand | ‘bricks 
xGerman Port- | Onlinary well- |) 
land-cement ‘burned flat op | tayo | swoeks 
mortar, 3mnd bricks | 
ym, tos | xBaglish  Port- | La Prairie pressed 
pints land-cement bricks, loeyed : yo] 4 $24 | 3 weeks 
ick mortar,3eand | on cne side 
in.roas | x Belgian Port- | La Prairie presced| 
fz joints | andcement | bricks, keyed re 285 | 3 weeks 
mortar. sand on one side 








+ VIL Tests of Brick Piers, Made at the University of Hlinois 
‘The amounts given are average values 









< Ratio of 
‘Average | Ratio of 
nit) | srenesh | zene 
teristics of plans | oud | ofpier | er 


w 
strength 
Teper | Gronks | of Brat 
sin of vezies 


Crushing) ] 
strength | Ratio of 
fin. | strength, 
mortars | “Of pier 
cubes | 10 
strength 
Ub per | of cubes 
sqin 





Shale building bricks 



































‘Stand: ) 
3%3 | ost ard 280° Ly 
rw 
3950 os 18 
2ko O68 o.8s 
2g a7 os a8" 1.08 
2225 on 0.66 17h nw 
we 0.16 0.52 oS. ss 
rao | om | ous 
Underburned clay bricks 
@, £23 Portand- } ) ) / 
mortar 6ydays..) rae / csr / oar zope" | 0.37 








Water Based oo thtieea tant of 1 3.3 Fortluad-cexscst ortar-cubes, Go days 





Crushing Strength of Terra-Cotta 
made by the Royal Institute of Brit 
the crushing strengths of terra-cotta blocks: 


Solid block of terra-cotta. 
Hollow block of terra-cotta, unfilled 
Hollow block of terra-cotta, lightly made and unfi 





‘Tete of terracotta manufactured hy a New 





Strength of Terra-Cotta and Terra-Cotta Piees 27 


t Terra-Cotta Piers. Tests * of terra-cotta block piers were made 
‘samme tiie UJanuary, 1907, and January, 1908) that the brick piers 
(im Table VII were made. ‘The tests were made on terra-cotta piers, 
bot which varied from 9 {tg into 12 ft 7% in. ‘The lateral dimensions 
fn 8)4 by 8)4 in to 17s by 174 in. “The piers were built and tested 
§, an interval of about one year separating the times of making the 
le two lots of piers were built of blocks which came in different ship- 
tbe cement used was the same brand in both years, although the hots 


TL. Tests of Terra-Cotta Piers, Made at the University of Itinois 
unt given are average values, The table gives results of tests of piers of 
ie Opes coneave-end blocks. ‘The piers recorded in this table 
hy a7 is 
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Ratio of | yes is 
Ratio of | Crusting) | 
Average | "renath | strength | strength | Ratio of 
unit | ol pier | *Srpice’ | of ou 
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elstlos of piers s es 


et 
of block, | “OF feat 


Iyer | BO | ot serien 
sqin | *T 


to 








£13 Porttind, Stand- 
Mmottar,contemsi}| 4 yoo | o.8y | ard } AT 136" 
Raa toot 






Weer pene aa 06s oe" 3090 piel 
(i £63 Portland. 
Foeetar, concen 
Yoaded 355 264 0.76 3130 Tos 
id, 123 Portland: 





‘mortar, eccentel- 
«| gaa | 06a 0.78 aes | 1.06 




















Estimated. ‘t Blocks of good quality, but underburned. 


ent, ‘The terracotta block plers were generally made in sets of two, 
fan constructed and loaded similarly. Three of the piers were laid up 
(poorly laid); the remainder were built with the usual care given to 
Lhe fond was applied to the piers in different ways, although gen- 
llied contiewously to failure.” Some piers were loaded eccenteically 
land ome was loaded both concentrically and erreprvicslly, but the 
|peceritrlc load was nor aniBviens ro cause (ailire 


bese Win 27, Unirenety of Minas Kagtncering Kspeciovent Station, Sept. 29, 
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6s to Sg Th per cu it, the smaller pieces weighing the most. For 

(48 im or larger on the face, 7o lb per cu ft will probably be a fair 
he tables in the manufacturers’ catalogues give the various bearing- 
ts pee square foot, thicknesses of parts, sizes of blocks, etc, for por= 
fporous blocks for all purposes. 


3. Crushing Strength of Building Stones 
(2) Sandstones 
lowe ‘Mass, Stone.* Reddish-brown sandstone, two blocks about 
‘cross-section and 8 in In height. 
[a commenced to crack at 16.345 lb per sq in, and flew from the 
Fragments at 13 596 Ib per oq in, 
|. 2 commenced to crack at 3 012 Ib per sy in and failed completely 
per sq in. 
} from Norcross Brothers’ Quarries, East Longmeadow, Masa, 
fry Stone. Block No. 1, 4 by 4 by 8 in hich, commenced to crack 
tnd failed at 8 812 Ib per ac in. 
(4 by 4 by 8 in high, commenced to crack at 6 500 Ib and failed 
per sa in, 
Stone.* Block No, 1, 4 by 4 by 8 in high (about), commenced 

ka 716 Ib and failed at rs 520 Ib per sq in. 
[Jb same size a4 No. x, commenced to crack at 15 955 Tb and failed 
per sq in 
feet Block No. 1,6 by 6 by 6 In, commenced to crack at 12 390 Ib 
$2 6x9 Ib per eg 

Tie, same alze as No, 1, commenced to crack at 12 185 Ib and failed 
per sq ia. 
‘ane from the Shaler & Hall Quarry Company, Portland, Conn.t 
bf the tests are as follows: 


Table IX. Crashing Strength of Brown Sandstone 
T 





























Sectional | © Pires | Ultimate 
area | crack | strength 
Classification 
Th yer 
te it sq in 
zs | 2 | On 54 feo 13989 | rst quality 
a8 | oan | 60 St 700 13490 | tat quality 
gos | 795 | 6.85 133 200 11920 | 24 quality 
x8 | zo | Aas | 122000 ts670 || 34 quality 
Bae 23 Gas fx 650 9q0 | Bridge 
(aa | ase oy | Bridge 


(one from the Middlesex Quarry Company, Portland. Conn.t Four 
jal blocks, about 144 in square. Pressure per square inch at time of 
Uf, 10 928 Ib; "No. 2) 10.322 Ib; No. 3, 8 252 Ib and No, 4, 6 322 Ib. 


e were sade with the United States testing-machines 21 Watertown 


eae Ip atts ens Barns Abenstecrorne Company. 
the Cited States terting-oachives at Watertown 





the St. Veain stone), 
wien ‘One ton of this sto 


Red Granite t from Platte 

14 600 Ib; rset porcebie (O06 46qiht Med 
@ an & 

Lava Stone from the Kerr Quarries, nea 

‘The results of tha txts are saloDirwac p 


Lava Stone,t 


‘Curry's Quarry, 
10675 Ib per sq In; Tasha, 119 terpaned te 
stone is not suitable for plers, or where any great 


omcks easily. 
— (4) Marble and Limestone 
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(5) Bricks and Various Stones 
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gives the crushing strength of various kinds of bricks wud building 


Jeessure being normal to the plane of the bed. 


‘Table XI Crushing Strength of Brick and Stone * 


Prewure at right-sngles to bed 


















































Crushing 
Kind of brick o stone strength, 
Wet sgis 
hy Massachusetts, .<-..scegsresnrnernnnes spe 19000 
St Louisa Mw os. Mage a7 
fh. Washington, B,C, 731° 
Mists... 6.000 to 45 ooo 
island, Me. us 
nal Haven, Ste. 13.000 10 58 one 
pedi | 15 000 
Land Quincy, Mass, + 17799 
Coos. 23 foo. 
Mend, 8. ¥) | 22 250 
Cloed, Minn. 28.600 
fay Cole 13000 
{tte Caton, Col. 14 660 
' 
ails, N.Y sas 
& Ts 
600 to 80.000 
86s 
23 000 
10798 
' 
et, LBL Abrowns sce sees ksevecess 9xb0 
role. Ns B. (fle grain, dark brown), 970 
bench brown stone, (on bed). s+ +s en 7,992 to. 48 600 
sdlare, Mass. (reddioh beown).-.... 5 Fenn to oo 
Wow, Mass. Gavemee, toe eed gesity). .csl 52.000 
Ms, | 9&0 
N.Y. 1 0 
(Ne ¥: iret). 18.000 to 43.800 
| 4e0 
éan2 
8 000 10 10.000 
| aaite 
£750 
62m7 
| Seco 0.11 oom 
URS 
aie 
ro NG 
#0 600 
ay 
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frente hard, 1000; for medium, 89} Tor wot, : 
flexural), 125; shear, 1go. Maknce? compression for 
tension (direct and flexural), 125; shear, 199. 
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‘Strength of Natural-Cement Mortar. The crushing 
eatural-cement mortar, neat, averaged, for 7 days, 2010; for 
% tors months, 5 645; and for G months,  o¢2 1h pereqin, When 
‘parts of standard quarts sand, the mortar averaged in crushing 
7 days, 990; for 28 days, 1390; for 3 months, 730; and for 
pr tb per sq in. For 2 years, an additional increase of 189% and 
assumed for the neat and sanded mortars, respectively, of natural 


pressive Strength of Portland-Cement Mortar. The crushing 
[-Portland-cement mortar, neat, averaged, for 7 days, $915; for 
i; for 5 months, 7 547; and for 6 months, 9 760 Ib per sq in. 
(with 5 parts of standard quartz sand, the mortar averaged, in 
qth, for 7 days, 941; for 23 days, 1 290; for 5 months, 1 490; 
inths, + 529 I per sq ‘When mixed with 5 parts of Ottawa sand, 
‘weraged, in crushing strength, for 7 days, 1 199; for 28 days, t 796; 
i £887; and for 6 months, 2181 lb persq in. For 2 years, an 
(crease of about 16% and 18% may be assumed for the neat and 
firs, respectively, of Portland cement. 


‘of Compressive to Tensile Strength of Mortars. While it 
fed as a very general guide that the compressive strength of hy- 
iat mortars is fram six to tea times the tensile strength, these ration 
nnd cannot be used asa reliable basis for calculations, The tensile 
Portland-cement mortars, under normal conditions, increases 
tg the first few days, the rate of change gradually falling of. In 
ile strength is generally from one-balf to two-thirds of the ulti- 
which & practically reached in 2 or 5 months. The compressive 
Wever, continues to Increase with age and the rate of increase varies 
a somewhat different law. 
(pressive Strength of Concrete. There are many reasons for 
fs in the values of the compressive strength of concrete and the 
tors are (x) the quality of the cement, (2) the size and character 
fates, (5) the quantity of the cement to a unit volume of the con- 
€ manner of mixing, (5) the density of the mixture, (6) the condi 
which it seasons, and (7) Its age; and of these various conditions 
# determination of the compressive steength the most important 
the proportions of the different irucredients of the mixture and its 
teh tables of average values of ultimate crushing strengths of con- 
[blished and are of general value, they may be misleading unless 
(ith cxution. In important operations it is advisable to have the 
sed and to adjust by trial the character and proportions of the in- 
"the required strength is obtained. 


Specimen for Compression-Tests. For compression-tests of 
general, 4 to r2-im cubes of the mixture have been the standard 
3 but since the advent of reinforced-cor 
sromth of the importance of determining the ela: 
has bees found that a cylindrical test-specimen gives more 4 
‘a cube. A common shape of such cylinder is one in which the 
three fines the diameter, and the cylinders are not less than 
fs fousd that the compressive strengths of these cylinders of 
10 00 25% less thew thas of the cubes, but for cylinders of 


nacho hy W: P: Tayhorens onindrical specionens & in in 
aad 1 ag be 58 rowsaection. height, 





age, aia show that the i ates 
oa ‘at which time the strength varies 


Sadan Strengths of eka rare 
concrete, the ultimate pipeline ee: 


ulus of rupture may be taken at about 
Foie tenest concrete, unless natural cements 


“eng Unreinforced Concrete 
‘of Jengths up to 20 oF 15 diameters, 


‘© The value was eatimontol wn was toey oo Mae 





Sam the ratio of sand to coment 
‘St the ratio of stone to cement. 


Inthe ¢: 3:6 mixture, Sa = 3 and Sy = 6 


by Area of Bearing Surface, 
PRR ae a Read Sept prec te cath ee 
‘than if it is, saps 
o 
ee ye 
made on some of the 12-in concrete cubes « ved in the 


éatire upper bearing-surince of r44 sq ta and an equal 
ses were then crushed by the stress aver a smaller 
Or roo sq in. After this, the ‘of a third set were crushed 
of the stress over the still smaller area, 8 by oF 616 

of the second set gave unit crushing 12 ‘than 
of the third set unit crushing ‘than 


re sess buted uo vcs Sa 
Axial ea 












) Lame 





Effect of Size of Stone on the 
may be stated, generally, that the use of stones of & 
with convenience generally results in o maximum 
conerete. Stones of the larger sizes are generally, 
the smaller stones, and consequently grade better 
strength. From tests t made by W, B. Fuller, theaverage, 
at x40 days, of 2: 9 concrete, were, for masimum sla of 
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|of the Strength of the Aggregate on the Compressive Strength 
fetes. The compressive strength of trap-rocks, granites and most 
fh is relatively ao great that it cannot reduce the strength of the con- 
Wi. Some sandstones, however, have a much lower average compressive 
aed If they are friable and soft may lower relatively the final strength 


ferete, A concrete of low strength results from using cinders for the 
' 





Composition and Resolution of Forces. 
plane, frictionless surface at A (Fig. 1), the su 


£ D 


diagonal R of 


paral three forces, and, the ball 
will move in the direction Ae. In the same way the resultant 
of any. number of forces may be found. a 
aie omnes as aes 

suspended by two in 
magnitudes of the pulls of stresses which arc developed in 


"This 4s the converse of the last case. Instead of : 
diagonal or the resultant, the diagonal, which is the line FY, is. 
|, and the sides of the parallelogram are to be found. 

these the lines representing the directions of P and 

drawn 

plete Jogram. Then CA is the required mag 
nitude of the stress in cord P, and BC of that in cond Py. Thi 
have the same effect as many, or many the same effect as ane, 

Forces Represented by Straight Lines. In con! 7 

it is convenient to represent them graphically by 
heads, as in Fig. 3. The length of the Vine, i vorawn io a 
ents the MAGHITUDY, OF THE FOULE in yoasile, Lhe 
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10%; the arrow-head indicates its sensx or the direction in which 
id the point A its roINt oF APPLICATION. Thus the magnitude, 
direction and point of appli- 
be cition are indicated and thé 
force is completely repre- 
3 ‘sented. 

Parallelogram Cs Forces, C 

Hf two forces applied at one 
tee Repeesented Hf | ; Fig. 4. Parallelogram of 

fight Li point are represented in mag- Sore 

(mig Hine nude and direction by two 
(nes inclined to exch other, their resultant is the diagonal of the 
yomam formed an those lines. Thus, if the lines 48 and AC (Fig. 4) 
two forces acting at a point A, to find the farce which will have the 


ft as the two forces, parallelogram 
kompleted and the diagonal AD drawn. 

repeesents the RESULTANT of the two 

[hen the two given forces act at right- 

bch other, the magnitude of the resultant 

@ the square root of the yum of the 6 
the magnitudes of the other two forces, 

bof Forces. If throe forors acting at 
{represented in magnitude and direction R 
ts of a TataNorr taken in order, they are R 
jum. Let P, Q and R (Fig. 5) represent 





(s acting at the point O. If a triangle 

wn, like that shown at the right in Fig, 

fsides respectively parallel to the direc- " 

ff forces 0d taleen {nithe same, onder," Trantle ot Forees 
fare in equilibrium. If such a triangle cannot be deswo, the forces 
equilibrium. 

fygon of Forces. I! nny minber of forces acting at a polnt can 
ted in magnitude and direetion by the sides of a POLYOON taken 
hey are in equilibrium. ‘This follows directly from the preceding 


2, Moments of Forces 


te. In considering the stability of structures and the strength of 
we ste often obliged to take into consideration the moments of 
toting on & stracture oF on some part of a steucture: and a knowledge 
L of the gontral PRINCIPLES OF WOMENTS is ewentinl to. the 





proper understanding of these subjects. When we speak of 
the MOMENT OF A FORCE, we must have in mind some fixed 
point or line with respect to which the moment is taken. 
i The moment of a force with respect to any given point, oF 
‘CENTER OF MOMENTS, is Uhe product of the magnitude of 
‘the force and the perpendicular distance from the point to 
the EINE OF ACTION of the force; or, in other wards, the mo- 





os 

ment of a force §s the product of the magnitade of the force by 
fith which it acte. Thus if we have the force # (Fig. 6), and wish to 
Sts moment with reget fo the paint F, we determine the per 


acne 7 abe point sax che lite of action of the force, 


mor beewees 
the noagaitacle of the force. For exarmple, if the meynitude 





take the end of the rod, A, 


moments, the moment of / is 
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{f @ bedy fs fo equilibrium under the action of three parallel forces 
fe same plane, each force is proportional to the normal distance be- 
(her two. Thus, if, as in Figs. 9, 10 and 11, three forces, Pi, Ps and 


rc) 


ig 





B, Principle of the Lever Fig. 10. Principle of the Lever 


the red AB, ln order that it may be in equilibrium, the following 
fast obtain between the magnitudes of the forces aud the distances 
‘cir points of application; 

Pay, Bajy Pe 

CB 4B Ac 

Pi: Ps: PasCB: AB: AC 

ease of the common tevier and shows the method of determining 
It @ siven lever will raise, ‘The proportion is also true for any: are 
‘of the forces (as shown in Figs. 9, 10 and 11), provided, of course, 
fre lettered in the order shown in the 


iple, let the distance AC be 6 in and the 
3 be tain, Tf @ weight of 500 Ib is 
the point B, how much will it raise at 
Glasd stat support will be required at 


the rule fast given, we have the pro 








arACiCB or sco: P\ 
1.000 Ib; oF 500 Ib applied nt 5 will Fig. 11. Principle of the Lever 
b resting om of suspended at A. The 

force at C must, by the principles of PARALLEL roRcES un 
f& be equal to the sum of the forces Ai and 2, oF 1 500 Ib in 


3. Center of Gravity 


Principles. The unes or action of the force of gravity converge 
[center of the earth; but the distance of the center of the earth from 
Whilch we have occasion to consider, compared with the size of those 
io great, that we may consider the lines of action of the forces as 
"he number of the forces of gravity acting upon a body may be con- 
fqual to the sumber of particles composing the body. The ckvzKx oF 
a body may be defined a6 the poiat through which the resultant of 
Verner of eraniey; ectiog upos the bedy, passes for every position 
Ha beds aspparted at ite center of gravity sod turned about 





geometrical 


‘equilateral triangle or regular polygon, at the center 0 


Center of Gravity of a Surface. A suurice here 
Parlcheren tthe Wusrmeho oe Data ; 


or shell. If a surface can be divided by @ line tate: 
‘center of gravity will be on that line; if it exn thus be 
center of gravity will be at their intersection, 


Center of Gravity of Regular Figures. The o 


face of a circle or an ellipse is at the 


-¢ 
f 
E 
= 

ii 
4 
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eee ae sritenot arena se tittind the quad 
Pius, let Fig. 18 bea quadd- 
bse center of gravity is tobe 
jaw the diagonals AD and BC, 
it lay off AF » DE, and from B 
(= CE, From E draw a line to 
of FH, and from F a line to the 
|BH. The point of intersection 
fo lines 1s the center af gravity 
jadrilateral. This is a method 
tased for finding the centers of 
the vouswlrs of an arch. 
of Centers of Gravity, Le o 
ltawa from the vertex of a figure 
|dle poknt of the base, and D the 
of the figure. Then (Fig 14); 


fsotocles triangle. .6. 6. -or. ee D=%a 
eee ipa at cmancok cite De 





Fig. 13. Center of Gravity of 
‘Quadrilateral 


ance from the vertex te the center 





tector of a circle, vertex at center of circle D= Rx 
R sXe 


bemicircle, vertex at center of circle..,... D= ae 04244 R 


quadrant of a circle 

bemiellipee, vertex at center of circle. . 
parabola, vertex at intersection of axis 

ibemve... -. 

tue or pyramid, . 


Krk 


Trance 








Regu of Gide Beet of Zt 
Vig. HW. Center of Gravity of Triangle, Segment and Sector 


lam ef a cone oF pyramid, let A the height of the complete cone or 
pyramid, th» the height of the frustum, and let 
we the vertex be ot the apex of the complete cone 
‘of pyramid; then, 
30K hd) 
4 (8 = ha) 


Canter of Gravity of Two Heary Particles, 
Gravit: Let P be the weight of a particle at A (Fig, 15), 
Renter of Grumiy at sod Wi that of 9 particle at C, The center of 
gravity is at some point, B, on the line joining A 
year B must be po sitaated thae of the two particles were held 
want supported at & by x force equal in magnitude to 
ey tke wall bo fe cquititas, The problem then ig 








che the hor 
which join 


Center of G 
16. Center of Gravity 

Found 
"Several Hey Parcs ae ma 


is first necessary to determine the distance: 
from the upper or lower surface of the 
also, involve finding the center of gravity of un in 
problem is ene of practical importance. If the figure 
gravity fs to be found can be divided into parts which 
figures, the readiest and simplest ‘of fin 

‘of gravity from one edge of the section is by 
means of Momkwrs, To explain this method 
asaume a T-shaped section of uniform thick® 

ness, hinged on a wire XX, as in Fig. 17. 

‘The T section is made up of two 
‘one forming the flange, the other 
‘The center of gravity of each rectangle 


if 
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foment of A is A x d, therefore d is the distance frees the end of the web, 
he axis XX, to the center of gravity of the entire figure. Therefore, 
dae A KE A xa", 


Aix Axa" 


d= 
A 


@) 


fight of any homoxencous material of uniform thickness is proportional 
ba, A, AT und A” may be used to represent areas as well as weights. 
ig Formella (2) asa rule, we have: 
fof Gravity of Compound Figures. ‘The distance of the center of 
La compound figure from any line of reference is equal to the sum of 
iets, Obtained by multiplying the area of each of the simple parts into 
E compound figure is divided by the distances of Tts center of gravity 
|, from the line of reference, 
a divided by the area of the 
‘entire figure. This rule ap- 
*| plies to any compound figure. 
f Example L Aswume that 
the T section shown in Fig. 
17 has the dimensions in- 
dicated, Then A’ equals 6, 
Grave A” equals Band A equals 14 5, 
FRecs meri, wala and’ equals and a” Pig. 19, Center of Gove. 
be ete. equals 6% in. The sumof tig 
‘the preducts of A* by d’ and 
(is 18 + 52 or yo 9q in x in, and this divide! by 14 sq In, the area 
tire Sure, gives s in for the distance d. The distance d of the center 
{ from the top of the webs, in each of the figures shown in Fig. 20, 
vy the following formuls: 


area of the web or webs x @’/2-+- area of flange x d” 
area of the web or webs + area of flange 





a= @) 





liom fake that shown in Fig. 18, in which A’, A” and A” represent the 
he respective rectangles, the distance d of’ the center of gravity from 
tay be found by the formula 

gad edt al xd" Am xd” 
y Arya 





G) 





‘@ TL To show the application of the rule for finding the center of 
f compound figures, take the one shown in Fig. 19. ‘The distance ¢ 


E eee Id 


Fig. 2. Center of Gravity of Irregular Figures 





{ter of gravity of the entire figure from the vertex 0 is found as follows: 
lof the triangle is 56 89 in and af che semicircle 6.5 «q in. From the 
Dentars af Granite: fore 23) the distance of the center of gravity 

P eetuaehe tras the verter & two-thirds its Bekzhe, which gives ie of 





the value ford’, The center of gmvity for a semicircle | 
base, so that d equals 854 ins Theny 


MX 4+ BS % B54 
d= s6+565 =677 in 
‘his method fading the ees SS ete ea 


Chapter IX for finding the supporting forces or reactions. In the’ 
however, the problem is to find the balancing forces Instead of the lel 
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CHAPTER VII 


STABILITY OF PIERS AND BUTTRESSES 


Br 
GRENVILLE TEMPLE SNELLING 
MEMIER OF AMERICAN INSTITUTE OF ARCHITECTS: 


aical Principles. A pier or buttress may be considered stanex when 
‘acting upon it do not casise it to XOTATE or Tur OVER nor cause any 
masonry to sLape on its bed; some parts, however, of the masonry may 
ep. When a pler sustains n vertical load only, it might be con- 
ABLE, bot it might not have sufficient «rancor. It is only when the 
(es a Tiexusr, asfrom a rafter or an arch, that its stability must be con 
‘Ta oeder that there may be no rotation, 
ter or Tee THRUST (Chapter VI) against ‘n 
bout any point in its outside edge must 
(f the moncenr of tae werent of the 
‘the same point. 
itrate let us consider the pier shown in 
‘et us suppose that this pier receives the 

rafter which exerts a tumusr 1 in the 
AB. The tendency of this thrust is to 

pier to rotate about the outer edie by, 
tour or tx mireust about this point, wa 
the measure of thiy tendency to rotate, bbe 
ta’ being the lever-arm of the moment. Pig. 1, Pier with Thrust 
Air xourLmRrua, only, the MowENT OF 
tr of the pier about the same edge must just equal TX a’, The 
force representing the weight of the pler acts vertically through its 
fravity which in this case is equidistant from its sides; and its lever- 
oc one-half its thickness. 
{oe equilibrium of moments, we must have the equation 


Txa'h= Wx be 


this condition the least additional thrust, or the crushing of the outer 
‘causs the pler to rotate; hence, for safety, we must use some TACTOR 
| This is sometimes done by making the moment of the weight equat 

the thrust when referred to a point in the bottom of tho pier, a orr- 
teen from the outer edge. ‘This distance for piers or buttresses should 
ethan one-fomrth the thickness of the pier. 
‘ating, this point in the figure by 4, we have the necesiary equation for 
ability: of the pler 

Txab= Wx il 


1 widith of the pier. 

‘aot from this equation determine the dimensions of a pict to resist a 

ats because we have the distance 2b, ¢and W’, all unkaown quantities. 

must Grst assume a tentative size for the pier, find the length of the 

as deel theMOURIE OF Ie: wes? of tho pier is equal to the Mo. 
uncer I i is ct we mit axime another sise for the pivr, 

(orabe ative of the peoblee usually proseot cbemselves in the 








Ly) ce 


Graphical 
*Deceroloaien of 
‘Thrust on Pier 


many pounds to 

cum edd dries the ilegatal Af this 5 
te erat lew tan cnechil he wilh othe Ba 
edge, the pier is generally considered unstable and its dimensions: 
(See Chapter IV, Theorem of the Middle Third.) 

The Stability of Buttress with Offsets. Tire 
increased by adding to {ts weight by pla 
etait tren Palit AS 
Fig. 3. Figs. 3 and 4 show the method of det 
tross with offsets. The first step Is to find the vertical 
center of gravity of the whole pier. This f& best done 
inlo quadrilaterals, as ABCD, DEPG and GUIK Be 
gravity of each quadtilateral by either the er 
explained in Chapter VI, and then measuring the perpendicular d 
Xa Xa from the diferent cetes ofEavhy eth Ue ‘Bee, alg, 

page 313). 

Multiply the area of cach quadeilateral by the distance of its 
ity from the line KJ and add together the areas and the 
sum of the products by the sum of the areas and the 
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(of the moments of the areas is r5s.s5, and dividing this by the total 
(ee a.2s as the distance Ng Measuring this to the scale of the drmve- 
7, we haves point through which the vertical line passing through the 
ravity rust pass, 

(passing throach the center of gravity of the buttress, can be found 
by, also, by the method of the xqormerum roLyaon (Fig. 3). (See, 

















-% Hume 
2% Mattress with Offsets Fig. 4. ‘Resultant Thrust on Buttress 
with Offsets 


ter VIBT, Fig. 12, etc.) In order to do thts, lay off at any convenfent 
faiing mt some cotivenient point M, Mz x, wt a 2, and w 2% 5, the 
le various quadritaterals composing the buttress. ‘Throingh the arnter 
‘of each quadrilatessl draw a vertical (green) line. Draw the lines 
‘eg O, intersecting at some conyeniently chown rour-rorxT, 0. 
fe end Ow. ‘Through a, where MO Intersects the vertical 
te drawn through the center of gravity of the first quadrilateral, 
leruilel to Oi 2, and through 6, where ad fitersects the (green) fine 
he center of gravity of the second quadrilateral, draw be parallel to 
ally draw ¢£ parallel to Ow x. Where this dine intersects MO 
pe the point. throued whiod che (heevy’ rect) Aine, pxscing through the 

bender ofthe buctres tekea2s.4 whole, sroukd be drawn, The distance 








Fig. 5. Center of Gravity of Wall and 
Buttress 


CENTER OF PRESSURE of euch joint. The 
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in height. Prolong the trxe oF me rrxus, and draw a vertical 
the center of gravity of the pier, intersecting the line of thrust at 
eae a lay off to ascale the thrust 7, andthe weights of the 
‘of the pier, commencing with the weight of the upper portion, 
[ees the weight of the portion above the first joint; wy repre- 
Weight of the second part; and so on, The sum of the o's will 
he weight of the whole pler. 
parallelogram, with T and w for its two sides. Draw the dingonal 
pet beyond the paraliclogram, if necessary. Its point of intersection 
st joint will be a point in the line of pressure, Draw a second par~ 
(with T and an + uy for its twosides. Draw the diagonal intersecting 
(eint at the point 2, Continue in this way with the rest of the partial 
weights, the last diagonal intersecting the base AD, 
in the point 4. Join the points 1, 2,3 and 4. The 
resulting broken line C1234 
is the Link oF rvessunr ory, 
LINE OF RESISTANCE: 

Wehavetakenthe simplest 
cave as an example; but the 
sume principles are true for 
any case, If the line of 
pressure of the pier at any 
point falls at a distance from, 
the outside edge of the joint 
Jess than OxE-rmRD TICE 
WIDTH OF Tue jorxT, the 
pier is generally considered 
unsafe, 

The Stability of a Wall 
and Buttress. By Mo- 
ments and Graphical 
Method. ‘The following 
example illustrates the ap- 
plication of these principles. 

Bxample 2. Let Fig. 7 

. represent the section of a 
side wall of a church, with a 
batty of Wall brattress against it. Oppo- 
— site the buttress, on the 
be wall, is hammer-beam truss, which we will suppose exerts an 
hrust on the wall of the church, amounting to about g 600 Ib. We 
consider that the resultant of the thrust acts at /’, and at an angle 
tbe horizontal. ‘The dimensions of the wall and buttress are given 
‘The buttress is 2 ft thick, at right-angles with the plane of the 
ks the buttress the proper size and ror to enable the wall to resist 
of the truss? 
bopaint to decide ix whether or not the me or raxssuxe cuts the 
it a safe distance in from C. To sscortain this we must determine 
fof the center of gravity of the wall and buttress above the joint CD 
One way to determine this is by the seTHon or MoweNTs the 
fe ae Amxas being taken about the line A'A/ as a0 axis, or line af 
Big. 8), 28 already cxptuloedt Tbe ctietance £7 és, of course, half the 
Wiha malar sf We next fxd the center of gravity of the part 


ETE 





Fig. & Stability of Wall 
and Buttress 











‘This, 
for the 
‘Then 


i 


ba 
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$ Line OF PResstine might cut the base at a sale distance from) the 
while higher up ft might come outside of tho buttress or too near 
face, thus making the buttress unstable. The method given in these 
+ applicable to piers of any shape or material. If the uve OF rmes~ 
& an asgle of les than 30" with any horizontal joint, the stones 
joint may stipe at this joint, or at least have a strong tendency to 
fmrxa cin be prevented cither by doweling, of 
ig the joints. Such conditions, however, are 4 x. 
thitectural construction. 
bility of # Wall and Buttress. Graphical 
‘This same example, which has been solved in 
fine case partly by Mowexts and partly by 
(weritons, can be solved entirely by GRarurcar. 
Ta this case it is not necessary to determine 
tt of the line (the heavy red lines in Figs. 3 and 
through the center of gravity of the buttress 
whole, It is necesary, only, to determine 
‘nes passing through the cen- F 
Pity of the various trapesnids “FSSC 
eles into which it has been * 
«To determine the position, 
OF pressvex and the various 
© Pxessoxe on the different 
method shown in Fig. 6 may 
‘The comstruction shown in 
in which the complete 
tums of the forces acting at 
(redrawn, may be simplified. 
ie parallelogram, only, or the 
THE FORCES acting at cach 
be drawn and the whole 
® placed at one side of the 
afterwards transferred to the 
{ by means of parallel lines, 
¢ jolnt-planes PG, EJ, CK 
td calculate the areas of the 
tts of the wall and buttress, 
(GP, PGIE, EJKC, CKNB 
L, Fig. 0, These are respec~ 
1 ft, 6 aq ft, 16 5q ft, 10 5q fe 
t Lay off these areas to a 
many square units toa Hnear 
|i, @ 1m, 224, 5m 4 and w4ws, along the line KM, begin- 
point of application of the ruzusr, Lay off, at the same scale, the 
jor one foot of thickness of the wall, and let this thrust be 4 800 Ib. 
» Owe, Ow 3, etc. Then Ows will be the resultant of the thrust 
ight of the buttress above the joint #G, Ow 2 will be the resultant of 
(altast and the weight of that part of the buttress between the joints 
tind 30 om until Ow s Is reached, which is the resultant of the total 
he battress and the thrust as well as the resultant of the rectangle 
i the previous resultant. Prolong the thrust OP, until it cuts the 
(ne through the center af enevity of the first rectangle /KGF, at a, 
la pane creas Gerves! Sine parallet to Che 1 and prolong it backward 























Pig. 9, Line of Pressure in Wall and 
Buttress 












Saat ons es 
LINE OF i 
this line lies within the spt Tine of the co the r 


Joimt-planes angles greater 
Seabees (ony bs considered a6 





CHAPTER VII 


THE STABILITY OF MASONRY ARCHES 


By 
GRENVILLE TEMPLE SNELLING 
MEMBEE OF AMERICAN INSTITUTE OF ARCHITECTS 


1. Arches 


imtel and the Arch. When an opening is made in a masonry: wall 
leary to provide some means of spanning such opening to support the 
sed masonry. haye been employed by constructors 
urpase. ‘The first involves the use of the REAM, GINDER, CAP, oF LINTEL, 
‘econd the throwing of an axcit from one side of the opening to the 
(DrrELs are made of various materials, as wood, stone, reinforced con- 
It irom and steel, and have cross-sections of different shapes, They 
mctoes the tops of the openings and transfer laterally the loads above, 
PERNICAL RxActioxs, only, in the side supports. An axcn, on the 
is a particular arrangement of blocks of stone or other materia, pat 
generally along a curred line, in such a way that they resist the load 
facing of certain rnRvsrs and couNreetimosrs, An atch exerts on 
Ms an OUTWAAD TIEKUST as well as a VERTICAL PRESSURE; and 
‘and thrust which requires that the arch should be used with caution 
abutments are not amply large and strong. ‘The mechanical principles 
in the spanning of an opening by a lintel are much simpler than 
the arch and, historically, the lintel very considerably antedates the 








Hons. Before taking up the principles of the arch, we will define the 
fuorms relating to it. The distance ec (Fig. 1) Is called the sraw of the 
ithe rise; 6, thocaown; the lower boundary 
the sowrrr or nrreapos; the outer boundary 
‘BACK or ExTRaDOS, The terms Sorvrr and 
also applied to the entire lower and upper 
Hiaces of the whole arch. The aides of the 
ch are seen are called the races, The 
which the arch itself is composed are called 
(5; tho center one, X, is called the xxvstowe; 
Towest. ones, SS, the sraixcuns, In s£6- 
frches, o those of which the intrados is not 
lte semicircle, the springers gencrally reat upon two stones, as RR, which 
F upper surfaces cut to receive them; these stones are called skewnacks. 
connecting the lower edxes of the springers is called the sraiwcinc- 
} aides of the arch are called the wAuNcmEs; and the loads in the tri- 
paces between the haunches ond a horizontal line drawn from the 
fecalled the spanprets, The blocks of masonry, or other material, 
hport two successive arches, are called purrs; and the extreme blocks, 
the case of ay bridges, generally support, oa one side, embank- 
earth, are called ancrumsrs, A pier strong enough to resis 
pee of trv snccemine arcs tn «nse tbe other one falls down, pnd 








Fig. 1. Diagram of Seg- 
mental Arch 
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This may be dono cither by thickening with pieces of tate the 
te outer ring of @ pair of half-brick rings, so that there will be the 
er of courses of stretchers in cach ring between two courses of 
i by placing the courses of headers at such distances apart, that 
ib paix of them there will be one course of stretchers more in the 
im the inner ring. The former method Is best suited to arches of 
‘the latter, to those of shore radius Hoop-1k0W laid around the 
(went hall-brick rings, as well as longitudinally and radially, is very 
irengthening brick arches. “The bands of hoop-iron which traverse 
\Mlially may also be bent, and prolonged into the bed-joints of the 
$0 spandrel, By the ald of woortmow ponp, Sir Marc-Isambard 
(le « halfarch of bricks, laid in strong cement mortar, which stood, 
from: ite abutment like a bracket to the distance of 60 ft, until it was 
by the undermining of its foundations. 
¥ requirements in the New York City Building Laws for brick and 
be is that “openings for doors and windows in all buildings shall have 
jfScient arches of stone, brick, of terra-cotta, well built and keyed 
ood and sufficient abutments,” 
ic the Radius of Brick Arches. A good ruxe for the radius of 
brick arches over windows, doors and other small openings is to 
fnantus KQUAL TO 7m 

Fue orzxixo, This 
bd rise to the arch and 










‘when there are not a Fig ¢. Segmental Brick Arch, Cast-Iron Skews 
number of abutments back and Wrought-iron Tic-tod 

end the thrusts. In 

fis Kine each arch can be sprung from two cast-iron skewnaces, held 
} iitON R008, a is shown in Fig.6. When this is done, it is necessary 
fom the size of the rods to the tHuvsr of the arch, The moxtzonrat 
the arch may be very closely determined by the following formula: 

Joad on arch x span 


Hoclzontal thrust = 5 ise of arch in feet 


and 
there wre three rods, then each must resist one-third the thrust, 
Hee stresses do the mt the site of ech may be determined from 


delayed 


. x 
period that they are in place they should be 
‘This is done by kasiea our the wedges under the cent 

as to let them down gradually and thus adjust any 
the masonry as it occurs, v ati 
Mechanical Principles of the Arch. ee 
thon to be settled is the rout of the arch; and in: i 
‘there is generally little choice. When the abutments are of am 
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applies to both cmcetas and gnuirnicat axctes and is as follows. 
a peoportional between the inside radius at the crown, and 0.22 of 
Jalvalovercl, end o.t7 of.a oot foe am arch foenlig one ofa suricde 


feet of keystone for single arch = V (0.12 X radius at crown) 
fect of keystone for arch of a series = V(e. 17 x radius at crown) 


iensions given by this formula seem to agree very well with those 
sed in practice in arches of a certain kind. The formula, however, 
imme depth of keystone for spans of any length, provided the radius 
; and in this particular it would seem that the rule is not satisfactory. 
ine’s Formula for Depth of Keystone, Trautwine, from caleu- 
ide for a large number of arches, deduced a formula for the depth of 
Which seems to agree with theory more closely than Rankine’s formulas. 
foe cur stosn, 


Depth of ey in feet = (~ ot. 








fonp-crass work this depth may be increased about one-eighth part, 
(WORK of FAIR REMNLE, about one-third. 


‘Table I gives a few examples of the 
hy Trautwine’s or Rankis From this table it 


required 
ft the results of both formulas agree very well with dimensions used 
wwacticg. 





fe I. Depths of Keystones of Some Archea of Circular Arc 








Caleulated 
Acton) depth of key 
aan ‘Span | Rise | Radius se Engineer 
ine” kine'’s 
| Rule | Rule 
C7 (ao fe | te 





920.0) $7.95, sasizs | aea6) | 4sat | 4.00 | Meigs 


tgB.o| 18.00) 160.10] 4.92 | 4.03 | 4.38 | Mosca 
Hale} giied) Orb | y:90°| Sie | $39 | Telford 


Wo} sce] a9} Sco | 26a | 2.83 | Telford 


dea 400 | 407/| 410 | Hartley 


9-9) 35.00) gs.00) p00 | 3.46 | 2.27 Steele 


| 
fo.c| 18.co) y.ce| 2.0 | 2,25 























Kens 
ae) ie M98] 250° | ac8 } Steele 
Ba, 50a a8) 1 / 188 | Steet 





* For hexose extstone work, 





of 


thickness of the 
arch would be | 


Vio+ 
4 


SRELS 
SNA an eee 


what the 
an 


such 
the 
Depth of key = Vora x 10= Via = nr, 


‘Trautwine's Formula gives nearly the same result, 
Depth of key = 


= |pBessarayosessteaesesseana 
2 Kd 


example will ilusteate 





First, to find the depth of the keystone, wo will use 


ui 
i 
: 
i 
i 
i 


Example 2. Having decided 
remains to determine whether 


following 
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fits face. This allows the annas or tire TACKS to be substituted 
ic wescrrs of the voumoirs and their loads ‘This method was 
fiscussion of Retaining-Walls, Chapter IV, and Piers and But- 
fer WIL. Furthermore, it Is evident that if an arch © ft thick is 
mmber of arches of the same dimensions built alongside of it would 
1 determining the stability of masonry arches it is also 
1 increase in the strength of the arch from the mortar in the joints, 
yrds, to consider the arch as laid up dey. 

etermination of the Stability of Arches. An arch has already 
‘os a particular arrangement of blocks of stone or other material, 
being called the vous: 

the sake of simplicity 

TENLOADED awcit, In ‘Tirunt from woul 

4 each vousoir i sub- Lom 

action of three forces, Seater sf wrewars, 

Ss Se ee 

next al it dm the gy euunew nent below 

the force of gravitation, (Pa 
light and (s) the reaction CS ee 
nt thrust, The first two Fig. 2 Equilibrium of Forces on Voussolr 
te into one and form 
fat this voussoir exerts on the one next below it in the arch-ring 
e points im which these various thrusts cut the joints are called the 
‘meseun of the joints, while the line joining these centers of pres+ 
the asx OF PRESSUME oF LIN: OF BESISTANCE® In order that an 
Absolutely stable, this line of resistance must fall within the sanpee 
archoring. (See Theorem of the Middle Third, Chapter IV.) If 
able the centers of pressure on the various joint-lines are within 
find of the voussoir-depths and the angles made by the different 
the normals to the joints are less than the awcLe or ruicTiow of 
pf which the arch is constructed. If these conditions are not ful- 


es 


ms a Sealciroaae Arch, Fig. ® Fallure of Semiciroular Arch. 
Hunnches Sliding Up 





texts oF sarery, explained in Chapter VIT in the discussion of 
of & Buttress, will not be satisfied; and at any joint where these 
{inot obtain, the youssoir above the joint will tend to stipe. along 
he if the angle made by the thrust with a normal to the joint is 
the angle of friction. If the center of pressure lies outside the 
there will be = tendency for the vouswir to oveeromy. When 
Hes each extreme limits actual yartime may occur. Figures 8, 9, 
listeate some of tho ways in which an arch may fail, Figs. 8 and 9, 


Ubcalled, intercManeeuAb: the 22me OF raxSsuRt, the LINE OF RESISTANCE, 
Nase ws 
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Fig. 12. Line of Pressure in Unloaded Semicircular Arehring 


ably passes nearer the ouTER THreD at the CROW 

at the sreixG, ‘To determine this MrxiutM LINE 

TuRUsT, applied at the point £ of the 

‘Tho, half-arch is in equilibritim under the 

THRUST AT THE CROWN, acting’ opeecrftiin 

the halfarch from overtuming Jnward; (2) the Wi 

considered 43 vertical force, acting hrough it ater \ 

to overtum it inwards about the point D; and (3) A 

SITE TO THE ZESULTANT of these two farces and 

intersection of the weight-line through the center 

with the fine of action of the thrust at the crown, pi 

to construct the TANGLE oF Tress THRER oRcES and d 

of the thrusts, when the position of the weirbt-line| of the 
sak i etd rrp 2 ul 





(romssodrs as shown. Satan ee eae 
(90 MANY SQUARE UNITS TO A LINEAR Uw, the area of 
Ww the other, commencing with the top youssoir. The eo 
IM then equal the total area of the arch-ting. From F and 
45° lines intersecting at O. Draw Ow 1, Ow 2, Ow 3, etc. 
Atersects the first vertical line through the center of gravity 
jit at ¢, draw a line parallel to Oz r, intersecting the second 
taw be parallel to Ow 2, ef parallel to Ow 3 and so on to he 
to Or 10 and prolong it downward until it intersects £0 pro- 
vertical line drawn through L will pass through the center of 
(Csreb-ring. ‘This is an application to a practical problem of 
‘ding, by the RQUILnRIUM-POLYOON, the line of action of the 
STEM OF raxauLet roxces. The weights of the individual 
1g parallel vertical lines and the weight of the half-arch is their 
jitude, 
fo determine the txvst at Tm chown and the eAcTION 
tawa horizontal linc through & the upper part of the middle 
tal line through £, the two lines intersecting at J (Fig. 12). 
be stable, it fs, In general, considered necessary for the rsx 
‘pass within the mipLe TaD. First, assume that the line 
fistance starts at £ and comes out at H, Draw a Sine 1/7 
he line of ction of the resultant of the thrust at the crown: 
the half-arch, ani draw, also, « horizontal line opposite the 


tm Nand Af, This horizontal line MN represents the magni~ 
ontal thrust at the crown, for JVM is the TRIANGLE OF TIE 

‘oyuilibrium, the TuKUSr at the crown, the weratr of the: 
mraction at the spring. Draw w 1007 parallel to Hf, and 
DPwa, OFws, etc. OPE, equal to VAS, is the thrust at the 
DP, equal to MJ, the reaction at the spring. JNM and EKO? 
les. 


[ie required next, to determine the Line OF RESIRTANCE 
ring. ‘The thrust at X is combined with the weight of the 
Hr rewaltant is found and in turn combined with the weight of 
ir; and #0 on for all the vousscirs, ‘The intersections of th 
he Jolnt-lines are the crxtews or ruessuxe; the line joining 
resware isthe LINk OF RESISTANCE. 
be could be determined by drawing a setics of PARALLELO- 
ower each youssoir. This would complicate the figure and 
ley labor, It is found more convenient to draw the TRIANGLES. 
fter the other, at the right-hand side of the figure snd then 
ilts thus obtained by means of parallel lines to the figure 
is the weights of the voussoirs have already been laid off along 
fe, 2,3, 4, w 5, Cc. 
point where OP prolonged intersects the first vertical in 
1, draw a (green) line to the second vertical, parallel to OP 
a (green) fine to the third vertical, parallel to O"w 2 and so 
should pass through 17. Join the various points, where these 
the fois. ‘at tho conters.of pressure, hy the broken (red) line, 
Is the tint ov weststaxcr. Ii this line irely within 
‘of the arch-ring, the arch maybe considered to be stable. 
Ina fof resistance passes not only outside of the middle 
ie ds still posible that the arch 
next determine if @ 










Fig. 15, Line of Fracture in Unloaded Semi 
cireular Arch-ring 


seCOND 
intensity to maintain equilibrium about V, or better, about X,. 
at E without being so great.in magnitude that it will . 





Fig. 14. Second Line of Pressure in Unloaded Semleireular Arch 
1 


is reasonable to conclude that the line of resistance resulting freen 
— nearly the TROE LINE OF REsteTANCE In the arch-ring and ¢] 


In order to determine this wrw LiKe, oH WERE Na 


= | 
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fast be found (Fig. 14). The preliminary steps required for this are 
fas before until the seventh voumoir is reached. This is divided into 
feolrs by the line VW (Fig. 14), one being w6 w6* and the other the 


Hine EX, at w6%6%, The line w6 w6" represents, the area of yous- 
bid. the line w6* w7 the area of the remainder of the seventh youssoir. 
Frtical line JZ, passing through the center of gravity of that part of the 





{oO w6*, until it intersects OF at L. To find the xxw THRUST AT THR 
( completing the rxiawcie oF rorcrs for this thrust and the force 
(4 opposite to thelr resultant, the inclined (blue) line must be drawn 
tbe point X and the horizontal (blue) line through w6%, The new thrust 
(e before WAf, equal toO"8.. This thrust is laid off at OPE, the (green) 
Bt, OMe 2, O"w 3, etc, being drawn as before and the new line of re« 
being drawn through the points where the parallels to these (green) 





Fig. 1%, Line of Presuire in Loaded Semicircular Arch-ting 


bthe joints: ‘This sxw tner or westsrance, if drawn correctly, should 
pugh X. It lies within the middle third, except for « short distance at 
tging, and hence it is justifiable to consider the arch stable. If it had 
hutside the middle third to any great extent, in this second trial, this 
tion would not have been justified, 

iseussion explains the method of determining the stability of an wN- 
SEMICURCULAR Amct. Such cases very seldom occur in practice, but 
we to illustrate the methods which apply generally to all other cases. 
MRD AucH-RIGs there is slight difference in the method of determining 
thom ofthe center of gravity. 

fle 3. ALOADED or stxcmAucen srancrcutan Anctt (Fig. 15) will be 
Kel next. Assume the samo arch shown in Figs. 12, 13 and 14, and sup~ 
fa be feaded with a wall of masonry of the samo thickness and weight 
Ine foot ax that of the arch-ring, the upper surface af the wall being an 
plane, 1 ft above the arc5-rley at the crown, and & ft above it at the 
Te sionssption of the purticaber load ia this case is « prarely arbitrary 

















Arches 319 


Fig. 15. ‘The method used, that of the xqvrimareM-roLvoon, 
(as that employed in the previous example to find the line passing 
le center of gravity of the half-arch, only in this case the forces are 
(two. Furthermore, as the areas of the various voussoirs are equal 
ile to superimpose the different rouce-DIAGRAMS, one over the other, 
fe considerable labor. Begin, therefore, by laying off along the line 
(left of the loaded arch, and at any convenient scale, for, Fe 
Ea -voussoir; then from w, in turn, the distances we 1%, » 3°, w 3" 
lg the areas of the xuccessive surcharges, 1%, 2%, 3%, etc., always at ths 
The scale to be employed later for laying off the combined weights 
feolrs and their loads along the line AX is the best one to choose, but 
{nee in scales is not important. In this particular instance the two 
tind 5® coincide because the two areas 1* and s*, although of different 
beach equal to 6.7 sq ft. This is a mere coincidence. Next draw 
+O" at 4s* to RS, and in turn, O"w,0"1%, 025, etc. As the problem 
ents ftself Is to combine the weight of exch voussolr with its individual 
anc as the weights of all the youssoics aro equal, and, furthermore, 
le which are to be combined to find their resultant are only two, the 
HINES oF RAYS O"/ and O"%e in the FoRCE-DIAGRAM serve in cach case, 
re ee is reduced to a rHrancne. Draw gh, ih, Inn, np 
[allel to te, and At, du, me, px and sy parnilel to O a ee 
inekry parallel respectively to 0s", 02", 05%, O"4% ani 
[iio etal 7 00a tha pointe through which to draw the beavy. (ed 
‘thom of the combined weights of the voussoles and thelr surcharges. 
found and drawn these fines, the procedure for finding the line JV is 
ts in the previous example, except that the distances Ewr oe, 
tefatead of being equal to the weights of the voussolrs alone, are 
de-combined weights of each voussir and its surcharge, Ewr 1%, being 
‘¥%, 228-2 to wa 2° being equal to f 2%, etc. 

} £0 is drawn at 45° to AO’, but as the position of the rote-romvr, 
‘uly arbitrary, the line Ow 5 5* has been drawn in this case in such a 
0 falls well over toward the left of the figure, thus avoiding a certain 
I confusion in the drawing which would have resulted if Ow 5 5* 
an angle of 45° with AO". The lines ab, be, .d and de are drawn respec 
lll to wr 190, wz 2"0, ete., and ef. is produced backward parallel 
"until it intersects £0 at L, which is the point through which the 
1) lime 22¥, passing through the center of gravity of the whale half-arch 
feharge, should be drawn. A vertical line deawn through £ will pass 
Ne center of gravity of the arch-ring and its load. If this were an arch 
pea building and if the only abutments possible were of such size and 
Ems was ewential for the thrust exerted by the last or fifth voussolr on 
to approach more nearly the vertical, the architectural expedient 
C4 fe alghtly the weight of the surcharge, *, on this voussoir by adding 
Pot ornament, such asa cartouche, could be resorted to. A case of 
actual practice is the archway over the entrance to the service-court- 
© Grand Opera House in Paris, where the pyramidal stone ornaments 
fhount the cornice on either side of the central mative were added after 
Hidesien was made, with this end in view. In the example illustrated 
the areas of the faces of the surcharges are shown by the figures on 
k For the secind surcharge from the crown, for example, the area 
& 
Step of Example 3. ‘This invalvnr the determination of the THRUST 
bursa these orxcssrasce The metho! of finding this thrust 
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Best pece eaaes 17) illustrates the application of the preced- 


Ah Geample may be used, alco, for a sx 


ee 


Bf Bets one of tbe et seps Bn Selena 

ol ‘one of the first steps is to 

given in intensity and position, 

The Principle of Moments. The reactions: 
forlaton of anaterCunamental petal of static 
acting in the same plane, The algebraic sum of the 





Fig. 1. Simple Beam. One Concentraéd Load. 


taken about any point in the plane in which they act must be. 

OF A roucE about a point is the product of the magnitude or i 

by the perpendicular distance between the LINE OF ACTION of 
point, The perpendicular distance is called the LeVER-AmM, 
the CeNTeR OF MOMENTS. Forces acting upward are 

those acting downw: 

be taken at any point in the plane of action of the forces, 
convenient to take it at one of the reactions. For example, the b 
Supports a concenteated load / at the distance w from the left 
the left reaction take the center of moments at the right 1 
EQUATION OF MOMENTS is. 








Ri=- Pano. 
from which Ris Pal | 


—— 





Over 8 simple 
piuilltettim, that ears 
M4 and » each equal 


conditions of 
mmulas (1) ang (x 













of concentrated Joas is. 2) the 
TENT the reactions fae w Formila 
may be Somputed in one. pers 


Center of moments ig taken at the left 
its fs 
Ri~ 


Pinay Prom Pees mo 


Ry m PM Part Pim 





7 
Suppose the bean Ja Fig. 2 ts 30 fy Ta Neath. Tee thee be 
ted loads of ‘ait 80 Ib placed 5,5 and 12 ft respectivess 
Pport. Then ta “5 mya, 2, Pi 500, Py wn 
Substituting jn Formulas (2) And (5), 

Ram PSE 9 4 6 = 8s b 
Peed 35+ Boo x Itt boox g 


eal 





= “= 1 ase 
Aer kr) 400 


the entire : cover only part of it, cfd the 
SFrreated und bo Foalss 6) cx Gh, bad $0 Seana 
uniformly distributed loads. 


simple beam, supported at t Is, ~ 
than it can bear, “The effect of a load upon a beam 1s to 
wenn. The bending of the beam shortens, or compresses, tf 
stretches, or elongates, the lower fibers. So long as the 

© See, ales, Chagner KN page S58 oi, 














‘Beam Supported at Both Enda and Loaded with 
Load W (Fig. 9). 
‘Maximum bending moment, at the midile = W4/8. 
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Case VI 
lapported at Both Ends and Loaded with a Concentrated Load not at the 
fig. 10), 
(am bending moment, under the load = Pmm/t 





oe 
Fig. 10. Simple Beam. Concentrated Low! not at the Middle 


Case VII 
Bepported at Both Ends and Loaded Symmetrically with Two Bqual 
(ted Loads (Fig. 12). 


(umn bending moment = Pm and is the same for any section of the beam 
Ube two loads, 





PE yp 


ETL. Simple Beam, Two Concentrated Loads Symmetrically Placed 


these exampiles it will be'#een that all the quantities which enter into 
futation ef the bending moment are the load, the span and the distance 
lint of appltieation of the load from the center of montents, 


Case VIII 


Supported at Both Ends and Loaded with a Distributed Load Over Part 
us (Pig. 12). 





Fig. 12. Simple Heam. Distributed Load over Part of Spa 


tum bending moment, wouler the center of the Koad = Wena /{— W),/' 
pram ar an epeal the bervtiag moment = IX 1/4 ~ Bx /§ a 





of the beam. Teo 

as at 0, drow the vertical line y to BC. BC. is length 
sale to which 4B ix drawn, will give the bending 
DBCAD is called the WENDING-MOMENT DIAGRAM 


tare called inuvence Lames for the bending moments. 


Fig. 4, Bending-moment Diagram. ‘Two C 
Beam with Two Concentrated Loads (Fig. 14). 


draw the ‘moment diagram for a beam. 
daw ibe dstcd hous ABD mak RED itn 
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ec ln arenas, EB is laid out to. scale, equal to Pren/? and 
Pv 

(ding moment at the point £ is equa to EB (from the load P) + Eb 
load 24), of M= EB + £5 = £B\; and at # the bending moment is 
PC+ Bem FC). The nexoro-wowent pracras for both loads is 
ad the Maximust BENDING sroseexer is, in this particular case, the line 
(red to scale. 

wh Three Concentrated Loads (Fig. 15). 

fs in the hast cue, and draw the mexomro-atoanerr ptackast for each 
arately. Make AD=4i+42+43, BE= Br + 82+ B83 and 








Pig. 15. Bending-moment Diagram, ‘Three Concentrated Loads 


(Ca+C3. The figure HDERIH will thea be the mexpnyo-o- 
fnase corresponding to all the loads. ‘The WNDING-MOMENT DIAGRAM 
‘with any-tumber of concentrated loads may be drawn in the same 





(ch @ Uniformly Distributed Load (Pig. 16). 

ie beam with the given xpan, accurately to a scale as before, and at 
(Of the beam draw the vertical line 4B, to a scale of # certain number 
ane to 


ICH, 
Ws, from 


“repeesent- 
‘ole distrib- 

Connect 
CB, Dy 
Ato obtain 
fo-mommr 

To find 





at a, draw ie. 46, Bendling-moment Diagram, Distributed Load over 
en's, ‘Whole Beam 

to the 
(to which AB is drawn, and It will be the bending moment desired. 
lor drawing the PAKAMOLA will be found in Part 1, page 79. 
paded with Both Distributed and Concentrated Loads (Fig. 47). 


rnin the bendicee ansmnente do this cose, combine the BENDING-MOMENT 
(Gr che coercemteatec! kate aud for the distributed load, as shown in 





Fig. 17. Beading-moment’ 
‘Concentested 


20 {span (Fig. 18), loaded with a distributed load of Soo Tb, 
soe Ib 6 it from one end, and a concentrated load of Goo Ib 7 ft 
Solution, (1) ‘The masimom bendis ul 

from Case V, is Wi/8, ar $00 X 20/8 


of soo Ib, from Case 
VI, is 500 x 6 14/20, 
or 2109 ft-lb. Draw 
Ex= 2100 ft-lb to the 


‘connect D with A and C. 
(4) Make RH equal to the distance from 2 to 4, and DG'to: 
sto 5, and draw A#GC, 
‘The MAXIMUM BENDING Mower will be represented 
line which can be drawn between the 
Ip this example the tongest vertical 
eales 5 50 itlb. 
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of the fine Xy is determined by drawing the line TT: parallel 
tangent to ABC, The vertical line Xy is drawn through the point 


To change the bending moment to wcu-rounns multiply the mo- 
| roor-rounns by 12. 


‘normal 
neutral axis is usually designated by the letter ¢ or the letter 
used in the notation of this book. 





2 of forces and strestes at any a 

ffunis the resting moment for thit section, 30 represents the bend 
fat we have the equation i 

| rhe M= St/e w 
P the rLexvre 


wt eXURE FORMOLA and is universally used for investi< 


| aaah agree ip ee 


eS rineipal rolled sections is given in Tables EV, V, VI, VIL, 
Betis '. Corresponding to the two moments of inertia 
used for all sections (except for squares and there are two 
pduli also, one for exch axis. Thus, the -modulus of the 12-in 

j to a neutral axis perpendicular to the web, is 


Nel 
eee ery be an by eg he eat 
7 






of inertia is in the determination of the strength of a beam It is 
ee ‘Theivalue of the radius of gyration for any section 


A @) 








like eny other quantities which are of the sanve lel 


%. Areas, Moments of Inertia, Section~Moduli and 
Gyration of Elementary Sections 

I= the moment of inertia ~4 

Tem tho section-modulis | 

i = the radius of gyration i 

» the area of the section 

= the normal distance of most remote fiber froma neseis 


‘Tho position of axis referred to in each cise is represented by the! 
Int 
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HOLLOW RECTANGLE AND Ami bah 
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cae 


1 BEAM 
Axis of moments through center 
6b > gobs, 





Axis of moments through 
center of gravity 





a 
ce aes 











0.408248 f 





TRAPEZOID 


Axis of moments through 
center of gravity 





+ "To bod ¢ 
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dthpad) 4 dd 
ae 
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TRAPEZOID afte) 
end 
pr pn BO+3h) 
a 
¢ . 1 dtlb+ sh) 
my . $2 33 
ee [bt sby 
f b+b 
SECTION AND CHANNEL 
4 of moments through center 
of gravity A=id+n(b-h 
A alte (b=) (dad 
en &b=9 
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pb bet = (b= tla 0)? 
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t i 
ro 
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Axts of moments: ‘- $ 
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ta Te aggasy at 
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aie 
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10 oa 8ss08 (dtd) | 
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= 0.049087 (d*— di") 











FT dad the rakes We dial a, we CBapter VE, page ays. 
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* To find ¢ and ci, see Chapter VI, page 295. i 


3. Transferring Moments of Inertia to Other Parallel A 
ion of Formula. It is often necessary to determine the 
of Inertia with respect to some other axis thin the one pasdng 
fxnter of gravity of the section, such, for example, as one 
hase and parallel to the other, Suppose it is desired to find the mon 
eftia of a rectangle about an axis passing through the lower base, 
second figure on page 33s. Tt may be demonstrated by the pri 


plied by the square of the normal distance between the axes. "This 


expressed by the formula 
hel awe 


| 





Properties of Stractural Shapes, etc. 


fh bs the required moment of inertia, J the moment of inertis of the 
th respect to the axis through its center of gravity and parallel to the 
Au 


the area of the section and A the normal distance between the axes, 
is seen that the moment of inertia of any section-arca is less for 
rough its center of gravity than for any other parallel axis. 

imple, consider the rectangle shown on page ajs, of breadth B and 
ibe J of which is known to be W/ 1a for an axis passing through the 
fravity and parallel to the base. Then, for 
axis through the base, the above formula 


x 
= + ur{2) ah a 
33 2] 30 a od 


de moment of inertla of the cross-section 
el angle shown in Fig. 1) about the axis 
Qual to the moment of {nertla about the 
plus the product of its arcw multiplied 
be moments of inertia for the sections of 
lard rolled shapes of structural steel may 
from the tables given in this chapter. The 
tyalso, may be found from the same ables 
distance tract from d will give the 
(of Formula. (3). eee 

5 for example, that it is dedred to find the’ Plt, 1. Mootent of tnertin 
DE inertia of the cross-section of a 4 by 3 of Crpsssection of Steel 
ingle, placed, with the long lex horizontal, S%#* 

axis AC¥, 12/In from the back (Fig. 1).. Turning to Table XI, the 
x¢ angle-section » 3.25 29 in. J, the moment of inertin of the angle- 
fout am axis 2-2, or XX of Fig. 1, parallel to the long leg = 2-4, , the 
if this axis from the back of the long leg « 0.83 in and A, the distance 
he axes = (¢— 0) = 12= 0.85 in= 11.17 ja. Substituting these values 
&G) 
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iy 
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\ 
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4 
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aeenee A=d-c mutate 


Tym 2.4 $3.25 X 1.17" = 2-4 + 405.50 407.9 


4. Moments of Inertia of Compound Sections 


foment of Inertia of a Compound Section mado up of a number of 
‘etions may be found by the same formula, /i= J+ AM, Denote the 
(GR MOMENTS OF EVERTIA of the separate sections making up the com- 
(tion, with respect to an axis through the cunter of gravity of that 
ty 24. Fornwala (3) then becomes 


The z+ Ae) @) 
ia of any compound section made up of 





‘senaller i: 
(dt the moment of inertia, of exch of the smaller sections about an axiv 
eS bee cern ‘center of gravity and parallel to the neutral axis of the 


oo oe Of each of the smaller sections by the square of the dis- 
tween its center of gravity und the center of genvity of the whole figure; 
Withe wesults found by (1) amd /2) for ee moment of inertin of the 





seuniler the ecent-iroer bette or lintel shown ta section it Fig, 22 

























(2) AW for the upper flange = 4 (19.5) = Gas: 
Ai for the web =X y= 162 
‘Alt for the lower flange = 16% (6.5) 676) 

Total = 1463 


(3) Total of (1) and (2) = 487.54 #465 = J; of compound section 


‘The moment of inertia of the craw-section of any compound beam 
can generally be readily found by using the tables of properties of sed 





Fig. 2 Moment of Inertia 
‘of Cross-section of Cast~ 
iron Lintet 


give the numerical values of £ 
for the various rolled shapes of 
which the beam is composed, 
with respect to the axis through 
the onnter of gravity. 
The Moment of Inertia of 
& Single-Web Girder-Section. 
Consider, for example, the single 
web girder shown in section In Pig. 3. Moment of Toertie of Ci 
Fig. 3, and made up of one of Pate Ginder. No Flangeplatia | 
¥% by a¢in web and four 
by 5 by yin Mangeangles with the long legs placed horizontally. 
ing to Table XI, the moment, of inertia of the erie 
these angles about an axis XX (2-2 in the table) parallel to 
leg = 24, and the distance of this axis from the back of the long par 
table) = 085 in; hence &, the distance between the axis of the 
and the ca ‘the girder-section = 12~0.85—= 11.7 in Ay from thet 
m3.25 99 moment of inertia of the cross-section of each 









Ghocabe ofthe gnden therefor from Formals ake hes acto 9-35 X (ua 
497-9) and for the four angles 1O515, Shows Wie wate ah omg 
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+ is coincident with the axis of the section of the girder, its 
inertia = bdt/n2 = 4X (24)'/12— 576 This may be found 
‘Table 1, page 446, Moments of Inertia of 

vertia, therefore, of the section of the compound girder = 1651.6 
6 


tent of Inertia of a Section of a Compound Girder with 
ts is found in the same way, except that the moments of inertia of 
t the flange-plates with respect to the axis of the girder-section 
d to the moments of inertia of the cross-sections of the other 
he girder im Fig. 4 is com- 
ge by S4-in web-plate, four 

im angles, with the longer 
al, and two 12 by 





‘eross-section of web (from. 
& page 346) = 845-75 

hh anglesection = I AA* 
ils 3) 


Xt, for each flange-angle, 
bors and the perpendicular 
center of gravity to back 
1.30 In. Hence b= £5 = 
in, 1b 6.6 + 4.78 X 
(gsi and for four angles 

for the cros-section of 
ake= 12 X ()4)'/ta 0.195, 
=6 sq io ond Am 1+ 
For each flange-plate, then, 
6 X (15.25) = 1395-1 
jwo plates, 2790.25. The 
(ertia for the cross-section 
& gitder, therefore, with 
be horizontal axis passing 
center of gravity of the pig. 4, Moment of Inertia of Croas- 
543 @744279025= section of Plate Girder with Pange- 


plates 

noticed that the moments 

the cross-sections of the flange-plates and angles about their own 
is so small, compared with their moments of inertia about the 
bf the girder-section, that they might be omitted without any 
tree. Therefore, in calculating the moments of finertia for riveted 
he ciistom of many engineers to let Ji AM for flunge-plate wnt 
+ In that case, for the girdersection in Fig. 4, 

















T for web = 843.75 
Wi foe angles = Ale = 3671.00 
Ay foe Range-plates = AN 2790.00 


[Moment of inertia of entire girder-section = 7 304.75 


lent of Inertia of m Section of # Box Girder. Let the box 
fo Pe F te compel of twos A bey sonln webs, two 16 by Moly 
peta g tag by Jia anges with the long legs horizontal, 








Fig. 5. 


1 
Crom-section of Plate-and-angle 
hor Ginder 


plates with respect to an axis through its 
AB= 12% (\3)!/12™ 01125, 
Am 4X 12-in = 69a 
the distance of its center of 
geavity from AB i $.25 in. 
‘Therelore, with respect to 
B, ees +x (eee 
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E 
f 


pany Building, New York City. It is made up of six 
bh 27 by 34 ln section; two flange-plates, each 27 by 'Me in; 
ts cach 6 by 6 by ‘He in; eight outer wab-plates, exch 18 by 
by "He in; and two middle web-plates 
te What is its moment of inertia of the entire column-section 
the axis AB? 


t bot Mein flange-plate (Tatile T) « r 230.79 
flange- 











plates = ¢ 230.19 X 6 = 7 38r4 
7 phy *He-in web-plate (Table I) = x 127.67 

“bye \Mierin webrplates = 1 127.67 X 2 = 2 assae 
langes 963548 


tangles (Table X11, page 566) the ares of a6 by 
Jom 10.57, its J with respect to an axis parallel to 
4 passing through its center of gravity « 53.7 and 
this axis from the back of the lege 2.84 in. Its Ja 
the axis AB is found by Formula (s), page s38, 
= 13.5 — (0.12 -+ 4.16) ~ the distance from the axis 
fel axis through the center of gravity of the angle 
ce, substituting in Formula (5), 


33.7 + 10.37 % (6.22)" = 915.15 
for the four fange-angles 913.15 X 4 = 3660.60 


cb is. 4x1Me in 2M fin thick. Hence the F for 

‘about the horizontal axis through its center of 
agsM/e2 = 302. A = 18 by 2.75 in 49.5 sqin. 

tits center of gravity tothe axis AS is £3.5 = (1.38 

+012) = 6.0% oF, say 

® G), therefore, Ji grab 49-5 X = 1 813.2 and 

obs fim 1 $15.2 2— 36264 

web-angles, from Table XT, page 165, the area of a 

sin angle = 8.03, its J with respect to.an axis through 

ity and parallel to the long leg = 6.9 and the dlis- 

is from the back of the long leg = 0.99 im. the 

hoe between the two axes = 96 in, or osbas in 

one of the middle web-plates) + 0.99 = 1.55 In, 
‘Therefore, for one web-angle, from Formula (3), 


Tim 6.94 Bo x (1.55)' = 26.17 











angles, fi = 26.17% 4 104.68 
teb-plates are together Me inx 2¢@ 114 in = 1.395 
(= 1h) forthe two plates is 18 x (1.125)!/19 = £90 


of inertia of the entire column-section for the axis 
the sam of there moments of inertia for the differ- 


ght Banpe-plates 966 a 
we $660.60 
ght outer web-plates 3626.40 
‘ar web-angles 104.68 
didlo web-plete 1.90 


‘of Ksextha for the extire soethos reso06 








‘T24n plates, oF 12 sq In) + (the BUM OF 
8q in) = 2092 sq in. J about 






pee in, with respect to the axis CD = 





Since r1 is the smaller, it x the value to be 
to be noted that this value of r agrees with 


Fig. 8. Moment of 
‘Cross-section of 
angle Column 
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fadins of Gyration of the Cross-Section of a Hollow Rectangular 
‘As another example, let it be required to find the radius of gyration 
be-section of a hollow rectangular cast-fron column with outside dimen- 
E es in and with a shell 4 in thick. (See figures and formulas for hol- 
and rectangles, page 335.) A = 6*— (5.5) = 36 — 30.25 = 5.75 sqin, 
Fiabon/ss = (6'— (5.5) 9/12 = (¢ 296 910)/12 = 386/12™ 322. rtm 
be 5.6and ¢ = 2.37 in. 
Iii of gyration of round-section columns and square-section columns, 
fom 2 to 20 in in diameter and of metal varying from 44 to 2 in thick, 
fn Tables I and Il, see pages 348 to 351. For example: the radius 
paaery, G-in square-section cast-lron column with » sbell 4 in 
Table IIL, 255 in. 
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‘Table E* (Continued), Momonts of Inertia of Rectangles 


Neutral axis through center and normal to degth 





























‘Widths of reetangles in inches 
Me x |g 0 r 

rd 2 ost Os 63 0G 

1 s 16 83 f bd ai 2.25 
3G 40 +33 47 se $3 
7.16 7 ard om ] 7 10.42 
ati 13.50 14-63 18.73 Saad 18.00 
c. ae ah ‘2.08 6.8 6B 
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ATT ore oer sau 36.95 7s 
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Re & 40 00.1 ss 57.58 
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aa 760 44 ight is gsass | 1001.98 
ey Hi co 976 0 1008.00 1089.00 1ES2 00 
a s 165) 19,32 1220.70 Iya 8 
ie] oe] mee | oes | see | ee 
a new MG. 17s 1640.25 
past | Lino 1600, 67 UES. 1899 XS 
a7 | 1834.3 | 1778.6 15 (2052.42 
bes | 0 | 1968.75 200). 2390 2O 
a a 2048.00. | 299.3 2560.00 7.7 
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bezs co | ai6 co Sin to | Magcs | jekho 
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ed Dad od Ce edied eis a14 co 
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in computing rbe momvate of inertia of plate girders, 
leetinas fa which plates are wsed. See pages sgt ang 
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‘Thickness ¢ in iaches 
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* (Continued). Areas and Radii of Gyration of Hollow-Square Sections 
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STRUCTCRAL BiAMs 





n= minimum web = 
Re minimum web +010 
r= %o minimum web 
A= distance between fange-fillets 
Slope of flarlye, 1: 6 = 163456 = 9°27! 42” 


| 


STRUCTURAL CHANNITS 


= minimum web = £ 

R= siinimum web +a10 

= ig mininwm weby 
Slope of flange, 16 = 16847 gt ay! 4x” 


frensions are In Inches and apply only to the minimum-weight beams or 


sions given for structural beams are those adopted in +896, by the 
on of American Steel Manufacturers and apply to all beam-sections 
i the payges of thie Camogio Steel Company"s Packet Companion, 1915 
‘except the Anieficin Standant beam-<ections B 1, B 2 and B 3, beam 
Bag and B a and supplementary beany B 31 to B33, Inclusive. 

hions shown for structoral chinnels are those adopted by the Associ~ 
American’ Steel Maoufacturers and apply to all structural channel- 


ne a ry asi 


aaah z 
say Rk & 2 














Propertics of Steactural Shapes, ete. 
‘Table IV" (Continued). Properties of I-Beam Section 
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t Carnegie Steel Company, Pittsburgh, Pa, 


* with table on preceding sare 
eee Posing Companion, st Bet 


See" Note " with Table TV, page ss4- 
* From Pocket Companion, 1915 Edition. Carnegle Steel Company, 
























































Properties of Structural Shapes, etc: aT 
‘Table VL" Properties of Bethlehem E-Beam Sections 
| == 
poe rhe aie 
| wy rT 
ae) ae | | Wg ate] ie an bn 
fot section| Ange | each tty 
a increase fei ea 
plweight!| cle lel adr 
te sain) i] in ta | int) ip | int | int) tn 
0 9,540 | 10.500 | o.010 |s39.6)r2-28 |449.3 |1is.0 | 2.16 
105.9 9,$00 | 1.000] oor |dor4.s]it.40 [286.7 |r3t,5 | 2.66 
wo cafe} 9.900 | 0.011) |agr7ial 
Keo b.482 | 9.480 | o,0te [ast 9) 
a0 0.520) 9.c | oor |2240,9) 
Eo p.m] 9.00] 0.012 [91.0 
fo 0.570 | Bitgo| o.ors |r559.8) 
yee 438 | 8-752 | 0.018 ||s466-5} 8. : 
Cr o.g20| Bisas| 9.015 |ra68.9! 7.91 [126.9 | $1.2 | £59 
G0 0.492) 8.075 | 0.015 |t220.4 x i 
we o.g7s | B.cco | o.cts |xs7a.3} i 
20 0.435 |, 7.75 | 0.016, | 883.3) 
ae 9.42] 7.90] oor | Bsac) 
20 om | 7.585 | 0.016 | 825-0) 
65 J eax | 5.80] o.cip | p84} ‘ 
71 9.52] 7.520 | 0.090 | 796.2) 6.46 !106.9 | 61.3. 
bx 0.605) 7.195} 2.690 | 64.9] s.95 | 88.6 | 41.9 
ho 48 | 7,600) oo | 610.0] 6.20! 81g) Ba 
who 9.440) 640 | com | 848) 5.99] 64.6) 25.2 
0 2.40} 6210} oaao | 496-7) 6.16 | 60.4 | 24.0 
Ro 9.90 |) 6.660} 0.030 | 442/6)'6.97'| $9.0 | Bh.4 
mo emo} 6.300) o.cxs | 269.2] 5.04 | 44.9] arg 
Be eas | 6.205) 0.025 |'aah.s] 49 | ah | 18.0 
ahs 2.250 | 6320 | \o.cas | 216.2) iss 
Bs 2.3 | 5.99] 0.029 io | eat 
33.5 e.a50 | 5.85 | o.ca9 | 122.9) 4.20 | 24.6) 11.2 
ae 2.95 | 5.585] c.cny | yrs] 362 | ang] 88 
2.0 sam | sie] cas | Bs.1| 3.76 | 18.9 | 8.2 
9.5 ess | sss] oor | fo.6) 3.04] x52 | 67 
37.5 | 5.08) 0.259) 5.250] 0.057 “bias m3) 64 
| { 



























* Note” with Table 1V, pare ass: 





“Adapted from Catalogue of Structural Shasex sy Edition, Bethlehem Steel 
j Bethlehem, Px 









30 | 200.0] $8.71) 0.950, 
‘Bo | tho.o | 53.00] 0,60 
a8 | to.0 | s2.86 | 0.690 
28 | 165.0 | 48-47] 0,660 
26 | 160.0) 46.91] 0.630 
26 | 150.0) 43.94) 0.630 
m4 | 140.0| ar36| 0.600 
24 | 120.0) 35.38 | 0.530 
29 | 149.0] 4r39,| 0.610 
ao | uz.0| 32,81] 0.550 

























See Note “ with Table LV, page ss4. 


* Adapted from Catalogue of Structural Shapes, 1999 Bail ‘Bethy 
Company, Bethlehem, Pa. ap | 





Properties of Structural Shapes, ete. 











BIPARASASRS ASSSH SOA ShABA NBSST ANOS LSASSA ATH 


SSSSES REGS Sneed BINT TFSTT FARMS OANA AN SS 





BRSKBS Oh SMa EAN TS LRAT HOMER AR ERS LIRR ESS 33a RIS 


DAR SSs Socnn ceeds wen Cheos CSO EM MMM Fee TANS 


| /MSRRRE RSSER KodST Saas HGRRG URAG MAAR GST SSS SIT 
|" I" |lseceed 6oc6g 56666 6600 60099 90005 5605 060 009 698 


MGC THN MnO ARYRN wnoh~OSER Se RRS ROHR MS BARNA 


IRE EPEERECHER ren Pere errereererreriretteree) 


Vlg | BSS@a5 KEREs SESER TESS BTSSSEHHUR GAGE TTR SIF 


=\666600 56606 66005 669000000 Beeegercaaes eos 























g | See7Oe CHGS HS0Es Qa se haasn RIARE SORA ELS SA 


ZG lanqesa Conme rowan owon mowe rec eBay BRASS IBAA 
S| posed Onna Sunn Gane OM UNO NGG DOG GOO SCS 








TE eae g ae eee Sones are eas Benne ea aeaada aes | 
= SUGS%s ARRaa RREd2 Hoes Ezase Sense euse soo 8 ae 








Asis 1-1 


RRNMSS SHES = MRSS HEATER ROMAAANS MONO TOTS ne PES 


E SERESE BESTE ERNE Roos SIaRa RAneE eoUT Eee TTT 





= /SRE588 882 TERRES Ra GSS54 SAGES SER EAS RRR SEE 


©06606 66666 66605 6655 65666 65906 66006 008 698699 





of |ness of 


Width | Thick-, 
ftange| webs 


EASGRS SRESR TORE 2245 89958 TERRE RES FER EASES 


in 














Area 
of 
seo 
tia 














Weign| 
fi = 








Sooeee pocemoocce cook REMENENRHH mame maukeh cco 
BAVSUASHARA MAHAN MADD RABOs Sosa o eres oe her eMe 











foe Pevirt Compiaiea, 191s Edition, Cx 


Note © with Twtile 1¥; pare x56 


nesie Steel Company, 





ape 





ae 

ah 

ah 

2 

2 

a 

™ 

™ 

™ 
Me 
Mi 
a 
6 
K 
“ 
M 
M 


eRESEEES 


MPRELIIESS 








Properties of Stractural Shapes, ete, 301 


‘Tadle X. Sizes end Makes of Rolled Stéel Adgled 


ting table has been compiled to show astgles of various sizes rolled by 
apanies, The word all" indicates that angles of the sizes mentioned are 
[the companies included in the Uist. The abbreviations reler to the 
mpanies: Cam., Cambria Steel Company; Car., Carnegie Steel Com- 
‘e Jones & Laughlin Steel Company, 
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{ies with unequal legs Angles with equal I 























shes Companies Sites in inches Companies 
Cam. and Car, a8 All 
& | car. 6 x6 All 
& ju 5 xs Al 
All wixaye | Cam, * 
f All 4x4 All 
All wexas | All 
4 au xa | Le, 
All 3X3 All 
Car, nad J. & Le 2MxeM | Camand J. &L. 
4 | au axe | All 
All axe — | Cam. dnd J. & L. 
Al 2 x2 Al 
4 aM WHxIM | A 
Yat 15x14 | All 
a [Lael rxes | JL 
& | au Xe | AML 
All WHeXIie | Jed Ly 
All + Xt All 
' J. & be. AXH Lah, 
& | Corandj.&L. 
. Cam. 
& | heh. 
& | Cartna J. &L. 
fb | Carand S&L. 
b | hen 
') 
L. 
' L. 
E 
i" L. 
i. 
L. 
. Le 
lL 
lL 


apeansecaa 





SRR Sageesasaz 
Ses Bacwenceus 


SRuERRERS Sa 


ome Ree K es 


SS85RSBRres 


Sa ReeSs es 





eereynnony 


§ ABARERARES 


nurzaconcce 


PARRARRSE SN 


RRRREETS 








etetcheiste 


page 384+ 


| 
i 
} 


e 
2 
= 
bs 
i 
a 





in 


geneee 


Gecced 





RERRRE J2faiee8 ZSeere 
G66006 Gécce0G SoSseG 








eeeass 


Mecoce 


Waesen RSSTLES FEsIaS 


S6G6G6 auduann arnHwO 








int 





in 


Axis -2 


oneras 


errr re 


Sccode 


Qmewnc Hranune couwnn 
Sean BARRA RR nem 


ESSERE FLLVSCRE Sasaas 


CO6GON Henunuen amoeOe 








int 


Roekaw 
neoonm 


MneMe ahneneo hmecs 
BAIR SewnnSS MeoKMM 





ReARSD 


EGSTS BESZSSR BSRERE 


Keep eh es epee 





int | in 


“scene 
nenoes 


AER OnwnEee HMSO 
BITAAe BESTA Re 





Asis Hr 


annee 


BSERER AGAAMRG Geaane 











RRRARR 





wqin 





Sreese 


sernes 


AaSeSS SeeSeen Meher 
RRSASE BBsdans otszse! 
SSRs SSLQRRER ERERES 





Gawnan cecuude nade uu 








Properties of Structural Shapes, etc. 


ib 








ennowe 


WReaaR 





Onna ARM One 


Mande ydssces Ane 








HESER $3222 


one ws creme 


eseen Bere 





Pate Aha. 











beker Comraniine, iy Kilithees, Carnegic Stee! Company, Pittsburgh, Pa 


ihe" willy Tale JV 





Properties of) Structural Shapes, etc, 
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Properties of Angie-Sections. Unequal Legs 
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‘XIV.* Properties of T Sdctionl, Flange and Stet Unequal 
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XVI* Properties of Double-Angle Sections. Long Legs Vertical 
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| ‘Tatie XVII Propéction of DoUble-Chanmel Sectices 
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Definitions, Working Stresses and Examples 


CHAPTER XI 
TANCE TO TENSION. PROPERTIES OF IRON 
AND STEEL 


By 
HERMAN CLAUDE BERRY 
(OF MATERIALS OF CONSTRUCTION, UNIVERSITY OF PENSSYLVANEA 


1, Definitions, Working Stresses and Examples 


[mate Tensile Strength of a material is the amount of internal 
fh @ section one square inch in arca is capable of exerting against an 
fal force, It is the wNrr srkESs oF INTENSITY OF STHESS, Ex] 

per square inch, which the material can withstand. It i often called 
[ATE STRENGTH or ULTIMATE srREss of the material, Its value for 
lal clepends on the tenacity of the fibers or the cohesion of the particles 
Ibe material is composed: 

lal Force is onc which acts uniformly over the section of « prismatic 
hat the resultant of the distributed forces coincides with the axis of 

Hence the total AxiAL roucr: which any cross-section of a body will 

he product of the ultimate strength of the material and the area of 
hection, in square inches, 

lorking Stress, The ultimate strength of different building materials 
found by pulling apart bars of known dimensions and dividing the 
Joad cach sustained by the area of the bar before testing. This ulti- 
dgth, however, must not be used to proportion the size of members 
res, because of variations in material, hidden defects and émpertect 
hips and, especially, because of indefiniteness as to the maximum lond 
|be imposed on the structure. ‘To provide safety against the rupture 
ber and the consequent failure of the structure from any of these 
| pepportions of the members must be based on SAVE WORKING STRESSES 
| usually some fractional part of the ultimate strength found by 
Eto provide proper security against failure. 

tetor of Safety is the ratio of the ultimate strength to this safe 
tress for that material. Its value ranges generally, from. 2 to 10, 
spon the nature of the material and the service to which it is applied. 
‘orking Stress in Tension. Table I gives these values for various 
patexiais. ‘The total sarr 1oxn that may be applied to a piece of 
[uniform section is found by multiplying the cross-section of the piece, 
inches, by the safe working stress opposite the name of the material 
be piece is composed. 

P = the safe load in Ib, 
‘Sem the allowable safe working stress in tension, 

6 = tho width of a rectangular bar, 

he» the depth of a rectangular bar, 

@= the diameter of a round bar, 
ts, for a rectangular bar, 


Pm bhSe () 
pete. P= 07856 25 @ 





test TN Wi Prepielt A 
4 by Hin ance has an area of 4.5 ai. is 
30 | ca 


the REOUCTION IN SECTIONAL AREA caused 
thischapten and i eble Chapter XX. pres 
paragraph on Punching Rivet-Holles, 

‘Bxample 2. What sist of whitepine sete 
tensile force of 60 000 Ib? 

Answer. By formula Wo 
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‘Bessemer converter, u 
im the {alse bottom af the converter and th 








Steet 


3st 
‘Tho materia! is more uniform and consequently more dependable 
tn Besseaexk STHRL, Orsn-HEaxru srext is used for most strac- 


cess is Kittle employed here. 


tt of Carbon and Phosphorus on the static sturvori of steel 
‘9 of carbon included in structural stec! is an increase in strength of 
lb per aq in for each 0.01% increase in cither clement, Cunning 
‘le 


St 40 000+ 109 ooo (C+ P) 


preaimate relation between the strength and the chemical composi 
td Pare respectively the amounts of carbon and x 
ercentage. For example, the ULri«are stesnarit of a atee! having 
(0 and 0.07% phosphorus is, approximately, 

fem 40.0004 100.000 (0,15 + 0.07) « 62.000 Ib per sq in 

pentage of Elongation decreases as the carbon-content and LT 
joni Increase. An approximate relation being 

1.400 609 





percentage of elongation = 


(FAL ELONGATION of a ruptured specimen is due to the local stretch- 
‘eint of rupture and the uniform elongation over the whole gauge- 
necessary. to.report the gauge-length when reporting this result. 
(CAL ELONGATION Is the same for x 2 or an 8-in length, the WERCENT- 
‘ATION for the sime material, tested on a 2-in gauge-lengthy, Is greater 
jured on an 8-in length. 
[He Behavlor of # specimen of steel loaded to nipture is best shown 
HSTRARW DIAGKAM on which the stresses are plotted as vertical ordi- 
he elongations or strains ns abscissas, us in Fig. 1, Five significant 
howa: 
fledulus of Blasticity (E}. ‘The relation between the stress and the 
is It is equal to the 
ation and is represented graph: 
tangent of the angle of the initial line with the orizoatal tA 
(et for tensloa Is about yo 000 000 Ib per sq ins 
Finatle Cmit (6.0) is that unit strest beyond which the ratlo of 
fit Geases to be constant, or beyond which the curve ceases to be a 





Fiaid-Point (FP), slightly above or beyond “the ELAsric titer, 
Stross at which the specimen begins to stretch without increase in 
Chis stress may be deternsined from a test without the use of di 
ting-apparatus by the vkOr OF Tite BEAM or HALT IN TIE GAUOR 
ag-machine. 

Micienate ‘Strength (U.S.) is the greatest unit stress the specimen 





Rapture-Stress (R) is the unit stress at the time of failurt: This is 
fess at the point of failure after the aver of the ceuss-section af the 
be been reduce: acl Oevssucee of the naprid droyysings off of the fovad 
pao cbtenmine Ltée wot regularly obwerved ia testing, attention 


382 Resistance to ‘Tension. 


being called to it merely to emphasiee 
steel is not the stress at the time of 
for wrought iron and ductile materials | 


Unit stress in Ib per sqin 











° 
0 aos 0.05 
ab 


Vig. 1. Stress strain Diagram of Test om Steel 


action of the punch and shear in the process of manufac 

the die-side the metal is forced to flow from. the tool 

hardens and injures it as may be shown by a cold-bend test. 

be removed by annealing; but in the best work it is usually 
rivet-holes shall be reamed during the assembling of the parts 

the injured metal and brings the parts into better pi ont 
of the rivets, The injury from shearing may be removed by 


The Coefficient of Expansion of steel is Gap oe d 
Poe Promos Feng J i,t. 8 p 


= 0.000 006 5 It 


{in which is expressed in laches and s in degrees Fahrenheit. 

‘The Weight of Steel is taken at 439.6 th per ewite - 
a member in square inches multiplied by 3.4 equals the weight in ps 
linear foot. 5 

‘The Working Stress for structural steel in tension tn pte 
26 000 th pee sq in in most specifications and twuildin tame. 

Teen ek on chan on eon Se 
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adard Specifications * for Structural Steel for Buildings 


ions. Structural atcel may bepu rcbased under the specications 
(ation of American Steel Manufacturers or of the American Socety 
Materials. Extracts from these specifications follow: 


are, (x) Structural steel may be made by either the open-hearth 
process. 

‘dane plate or angle-materlal over % In thick, which fs to be punched, 

Ye by the open-hearth process, 

sod. Physical Properties. (2) They shall conform to these limits: 

















i. "I | . 

Properties considered | Structural steet: | bes teo 
\ ret 

fy mainte, Bessemer )(..5../)| 9:10 percent ; sh 
A maxizaum, opea-henrth... c.oh percent || 0°06 pereceut 
flandmnUe os) 2s nes WY teveteae 0,048 pet cent 
tensile strength, tb per sq in......,| S$ 000-65 G00 46 000-36 C00 
Divs saesezas Santuas | Me ult, tens. str, | cult, tens str. 
eS la Bin Pig 2)ooc:<| 2H. | tooo 
snin percent la\Bia (Pies 3):--%'<) Te ene, ats>, | Wittens: ate) 
- | | 18e* to diameter! re 
witha tenetare ccs is.ssss sos) | la i ho" flat 


* See Peecentaye of Elongation, page 84. 





lurposes of these specitications, the yield-point shall be determined by 
‘observation of the drop of the beam of the testing-machine, 
‘Determinations. (3) In order to determine if the material conforms 
ical fimitations prescribed in. paragraph (2) herein, analysis shall be 
manufacturer from a test-ingot. taken at the time of the pourtug 
jit or blow 

fie correct sore, 


C10 Fraps 





ad bending- Fig. 2 Form of Specinen tor Steehtest 

be made by 

ished product coupons, which shall have both faces rolled 
tees milled ‘to the form shown in Fig. 2; or both edges parallel; 
tbe turned to a dianieter of % in fora length of at least 9 in and have 





& 

fnaterlal more than 4% in thick the'bendingitest specimen may be 
(in section, 

t-rounds and small rolled bars shall be tested us rolled. 

tw of forms ce substance of matter of same sursemphn as (4), (4), (5), (7) 


ire been, raradepced (arenes, For amendments sce Year Books 
As hor Taree. Afats 











‘Tension-Members 
Puares 4 Inco ann Over ax Tiicewzaa 


‘Width of plate 
Nornlzal serge 


73 imand | 100K 
up to 100 in | up to. 


weights, . 
I per aq fe tld 








wage as tr 








Prates Unorn 4 Inca ix Turcxness 











Width of plate 
ontered,| Norilsal weights, Seas 
ib tt i wp 
| | ee | sacs 
% x 
Yo% | s1010 6.37 10 5 20 
toe || 6 sr to 7.65 cm aM 7 
to 7.65 t0 10 29 T fo 15 





pm. (14) The inspector representing the’ purchaser shall have ‘all 
Hacitities afforded to him by the manufacturer to satis(y him that the 
faterial is furnished in accordance with these specifications. All tests 
siions-thall be made atithe-place of manufacture, pitior to shipment. 
al, Paragraphs... The general specifications for a building of ordinary 
bn should inelude in addition to the above, governing the quality and 
ne material, paragraphs giving specifications for 

exact scope of the wark embodied in the contract. 

vision foe the inspection of material and workmanship, stating specifi= 
is to bear the expense of the inspection. 

Gal tests; for example, tests of fullsize eye-bars. 

|, lienlting pitels and’ allowable stress foe shop-rivets and Geld-rivets. 
ining of surfaces and shop-painting. 


6 Tension-Members 


‘The best section for tension-members of relatively small size depends 
the kine of endl-connections used. Angles or channel’ are generally 
Weted connections. For very small members rectangular bars, such as 
kmaybe used. The strength of such members js computed on the net 
igh: the rivet-holes, Arigles tise in! tension should have lugs riveted 
staneling lexs and the tie-plate for the better distribution of she stress 
héction. ‘Tests’ Gn! angles with vireteu” connections reported by Fe 
bent rave frase 77 1 80% of the strength of the material as shown hy 


puacowlican of the Armenian Sopety. for Testing Materials, Vel. VI, 


Fig. 5. Tic villas asad sane 


carbon steel, and the requirements of the test-bars made o 
‘The eye is made ‘go in greater than the diameter of the 
the same pins are drilled at the same setting so as to be 

length, ‘Baramust be true to length within Ves in. 
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Standard Proportions of Upset Serew-Eads tor Round and 








FRR | TREE 








Pree FREE FRE™ 


SeEr EPeER wr 































‘Square Bare 

ef | 10 st % | 6.620 | © 
o.oo | 30 Ey % | ome | 9 
ont | 9 mir | oa] a 
os | 8 ® | a oa | 8 
oy | 8 | i | om | 7 
ose | 7% u | rots | 9 
noe | 7 # | % | ee | 6 

ns | 7 » % | tio | 6 
tio | 6 as % | rau | 4 
rie | 6 y | x 19 | My 
2s 6 Pr i | uy 3s” 
ms 6 u Mm | 1490 5 
rm | sh | om | mm) ats | s x 
nm | 5 2 | mh | 16s | 5 9 
tm] s mh 2 ama | a a2 
161s 5 » as | Ptr % 8 
x7 ae ¥ aw | 18s % Ly 
rma] | = | Mm | ng | 4M 4 
ray | a | os | om | nc | ae » 
as | a | ak | oe | nor | ae » 
1 fa rd 6 2% | aay a 
ie * 
2.087 8 

A758 3 
ans | | 3th, | asso 6 
2.0 aH 2 
2.40 20 
2.435 4 

















fe ENT THE 


si 


BESET SESS SEEE SEe> 
tbh BEHE REtS BREE BEER 











wt the root of the thread ns that of the bar invariably 
(ed to destruction, without developing the full strength of the ban 1 

necemary to make up for this low in strength by an excess of metal 

‘ends over that in the bar. 

‘Table V is the result of numerous teats on Gnished bers made at the 
Company's Works in Pittsburch, Ps., and gives jwopertions that will ease 
break in the body rather than in the upset end. 

Toe screw thease the abort table ao the Prantin Inflate ‘sanilin| 
aq Tema coe upset cod for w i leva of thread allow 6 in eng of 


Riocrnxs. As upsetting reduces the strenzth of Babi bane naa =| 








Tension-Members 


Steel Bye-Bare (amrsicay nerpex COMPANY STANDARD) \ 
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‘Table VII Turnbuckles and Sleeve-Nuts 
AEERICAN RDO COMPANY STANDARD 





All dimensions in inches 
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Clovisst above and to right of sigaag line may be used with fortes 
Below and to left of this line should have forks closed so as not tooven 








‘Tension-Members 


Wex. ‘Safe Leads in Tension for Common Sires of Angles with One 
Welnch Rivet-Hole for = #i-Inch Rivet 
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perare special anglen. It is better oot to use them in ordinary work because of 
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increases the strength of the material, so that wires of differ 
‘made of the same material, differ greatly in uttimaTe: 
Finish. The common grades of iron and steel wine are 


i 
i 
dl 
| 











Wire 400 


fee must be made to Table XIE in connection with the footnote to 
+ "The following tablo is arranged from yalues given in the Catalogue 
| Roebling’s Sons Company: 


XIT. Approximate Ultimate Strength of Different Sixes of Irom 
and Steel Wire 
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‘Table XIV. Weight, Length and Strength of Steel Wire 
i Gauge of J. A. Roebling’s Sons Company 
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(bile was calculated on a basis of 485.44 Ib pet cu ft for steel wine, Irom wire J 
Ibter. 

leaking strengths were calculated for 120 000 Ib per sq in throughout, simply 
lalence, so that the breakiog strengths per square inch of wires of any streagth 
paickly determined by multiplying the values given in the table by the ratio 
jhe strength per square inch and 120.000 ‘Thus, a No, x5 wire, with » strength 
le Fach of 130.000 pounds, has a breaking strength of 


407% HES ww Gro. Ib. 
100.000 





it not be foferred from this table that steel wire inyariably has » strength of 
D per sq in. Asa matter of fact its strength ranges {rom 45 o20 tb per sq in for 
called wire fo over 400 06 Ib per sq in for hand wire. 
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‘Table XV. Strength of Wire Rope 
Armuaged from the tgr2 list of John A. Reebling’s Sons Company 
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Table XVI. Galvanized, Steel-Wire Strands 
For guys, signal-cords, trolley-line span wire, ete, ene 
‘Trento Lroa Company’s fost Hist 
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% Cotton, Hemp and Manila Rope 

Rope is made of cotton, hemp, and Manila fiber. Cotto is used 
Sizes, only, and for such purposes as sash-cord, etc. 

Manvfacture. In the manufacture of rope the fiber is first spun 
From twenty to eighty threads are twisted together into STRANDS 
strands, three or four, are laid together, opposite in direction to the 
the strands, but im the samo direction as the THmeAns; This causes 
to be twisted as the rope untwists and produces a tlanlag af ores tit 
to keep the rope in shape. 

Cables and Haweerd are mai vy oh wrands A wage 


us 









‘Cotton, Hemp and Manila Rope 


for” Hoisting wears rapidly from the action of the pulleys\and 
the bending which causes « slight internal motion between the fibers 
end grinding away of the interior, 

of the C, W, Hunt Company: is filled with « tallow and 

"bubricant which decreases the internal friction, lubricates the outalde 
and thus greatly prolongs its life. 

‘The values of tho strength of new rope, sven in Tuble XVIE, are 

fom the Specifications of the United States Navy Department, issued 

3910, at the Boston Navy-Yanl.  Manafactuers generally adopt these 

ereights and claim a strength ecjual to ora litte greater than the valuss 

[Phe exer sraxscnt for the different sizes varies, being about 14 000 Ib 

{B for the seinller ani! about 10.00 for the largest size. ‘The approx- 

offered by C. W. Hunt, of 720 times the square of the eireum- 

finches, 1s equivalent to about 9 009 Ib per sq in, American hemp, 

laisambout $% sreater strength than Manila rope of the same size. The 

feiBications give for two-strand Ametican-hemp rope, 83% of the strength 
[ree-strand rope of the same material. 


‘Table XVIL. Strength and Weight of Rope 
Specifications of the United States Navy, June, 1910 
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Chains 400 
FIX. Slrex, Weights, Proof-Tests and Average Breaking-Loads for 
Chains 


1D.1.G. special ceane 
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‘specications of the United States Navy Department require the same proul-test 
given above for crane-chain and a breaking-strength 10% greater than that 
crane-chain. 


XX. Proof-Testa and Average Brealing-Loads for Studded Chain- 
Cab 
Specitications of the United States Navy Department 
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Big, 3. Shearine-daidure in Wood 
which’ is less than’ about twenty: timés the 
MORWONTAL SHEAR along the middle, under about the same | 
the allowable working stresses in bending. ¥ 

Shear at the End of a Tie-Beam. In the case of the trassfol 
the thrust 5 of the rafter tends to vhear off the part ABCD al 
which CD is the trace. ‘This area under stress must offer a 
Axce equal to the horizontal component # of the thrust ~ ‘The 
beam b, being fixed, pe (rh gives: 

= (CDXb)Sx of CD=M/ASs_ 


‘The shear being ia tem din ein 
fn Table 1 must be wed. 





Riveted Joints 413 


‘ig. 4). "The hoticantal component of the thrust of a talter fs 
longleaf yellow pine tiebeam is ro in wide, How far 
a extend beyond the 


this case IT = 0 000 
@ 1, Sy = 150 Ib pee 





Prant 
30X 190 
be made at least 


constructed a lango 
st is generally taken 
strap at the foot of Fig. 4. Trus-joint 

iid it in place. As 

dder seldom act together, either the length CD on the tle-beam 
Jong enough to reslst the entire thrust, of the bolt or strap 
) without relying on the shearing tesistanée in the plane of CD, 
ach joints is more fully. considered under Subdivision 4, pages 
chapter. 





2. Riveted Joints 


$. Rivets almost exclusively are used in connecting the plates 
bh make up the members of framed steel construction. 
foms, A rivet is a piece of cylindrical rod with a HEAD feces 
ssually with a slight taper at the other end of the smaxx. "The 
of the rivet is the length betwecen' the under sides of the Heads 
the thickness of the parts joined. ‘The texort (Table TV) of 
1 to the grip plus enough of the stock to form a head, and 
she end of the shank to the under surface of the heat! The 
@ sUANE of @ rivet is made equal to its NOMINAL DIAMETER, 
but tivets are driven into holes 
6 in larger in’ diameter’ and 
upset by the driving 60 as to 
completely fill the holes. "The 
shearing values. and bearing 
values are. based upon. the 
NOMIXAL AREA and not. upon 
the area of the hole, 


Riveting consists in heating 

the rivet to a welding-heat, 

Z passing it through holes in the 

parts to be joined and forging 

another head out of the pro- 

Forms of Rivet-heads Jecting shank. ‘This may. be 

one by hand-harimering; but 

totendhairoperated hand-hammiers or large tiveting-machines 

head ani cause the shank to completely fill the hole by heayy 

Rivets, Rivets are maile of soft steel and of wrought fron, 

erally wed, “The head may have any of the forms shown ia 

the first, called the nurrow.zeao, é the standard for structural 

th er cowmrexsreyn meta is used where it is necessary to have 
orera 
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of the rivet, it is the practice in some shops to 


Drift-Pins. When the alinement of a 
distort the holes in some of the 
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| Riveted Joints 415 
of the rivet-head and tapping the other side with a light hammer. 
a sight slip may be felt. The loose rivets should be marked to be cat 
replaced. The inspector should also carefully check open holes lelt 
bomnections, and se¢ that flattened and countersunk rivets are as called 
jase stich work may be done at less expense in the shop than In the 
(ere it may cause delay. 

failure of Riveted Joints may occur 

[fexstox, by the tearing of the plate through the line of rivets (Fig, 8). 
(smear, by the cutting of the rivets (Fig. 7). 

(meanina, by the crushing of the plate in front of the rivets, the split- 
the plate, or, in some cases, by the shearing out of the sections i frant 
ets. In a careful design of & joint the strength against failure by each 
|Pethods must be investigated (Fig. 0 and Pig. 9), 


( 


| ae | 





ig. 6 Fig, 7 Fig 8 Figs 9 
Figs. 6 to 9, Methods of Failure in Riveted Joints 


Bteps in the Design of any type of riveted joint are, (1) the selec 
the sizeof the rivet to be used, (2) the determination of its shearing 
Hing strength and the use of the smaller value of the two to divide into 
WW Koad to be transmitted and thus determine the number of rivets, 
‘erangement of the rivets in the plate and the investigation of its strength 
gn at the dangerous section. 

Bize of Rivets is determined in part hy snor-practice, Holes can- 
punched in plates which are thicker than the diameter of the punch. 
wing table gives the size of rivets used with plates of different thickness, 
lecifications for structural work require all rivets to be %i in, except 
tick plates require larger ones. 


‘Thickness of plates Size of rivets 


Mito Me in Sin 
Yeto% in Min 
Me to Moin Win 
Wot in tin 


(EE and ITT give the sitcanins and mcanino vaLueEs for different sizes 
(ite pilates of different thickness for two values of working strosses each; 
LF $00 and to 000 Ib per sq in and bearing at rs coo and 18 000 Ib per 
Walwes for higher stresses can be figured by proportion from these tables, 
fee stresses should be used mich wmughe iron or in pacts subjected to 
Hie the Apher atreacs where only coastant or dead loads are present. 





Sb the working stress in: 
ie P= diSy i re eat 






‘Shearing and Bearing Values 
sui eit det 
its smeARG VALE. Quantities 
YALEES greater than the values in single shear, 
number of rivets necessary in a Laat 
determined by dividing the load by the 
double shear, the number of pra 
‘BEARING VALUE. 


Rivet-Proportions.* The following 
‘including the dimensions of shanks and of 


FINISHED HEADS 
‘Diam head = 154 diam of 






# ‘Thee proportions vary slightly at diferent mill and In diferent bao 
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oma) Signs for Riveting. The following diagrams show some 
‘signs for riveting: 


‘Suor Fup 
To Fu Heads aS e 
(unk Inside (Farside) and Chipped ®&) @® 


ink Outside (Nearside) and Chipped '@) 1) 
‘ } 
‘ersunk both Sides and Chipped 0) S) 


Ivewe Ovrsior 
(Faxsipr) (Neaxsipr, 


twat CO) Q 
lactones S CD YQ 
~~ SQV 


tem, designed by F. C. Osborn, has for its foundation a diagonal cross 
t a countersink, a blackened circle for a field-rivet and a diagonal 
flattened head. ‘The position of the cross with respect to the circle, 
ide, oF on both sides, indicates the location of the countersink; and 
be number and position of the diagonal strokes indicate the height 
n of the Sanya as ae putintin of eld, countersunk 
tw Mable fo may be readily indice y 
tdshoad sree e my ily indicated by the 
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Pare Tj. Cea 
$0. Lapejeine Fig. 14, Butt jlnt with Single Cover-pate 


Tie-Bars.. Ticbars may be spliced by a tanyone- (Fie. 10) 
with a single aieenioin “Wes! 1201, seta. aexpetone 





Fig. 1%. ‘Dutefolnt with Two 








shearing-stress of 10000 Ib per sq in and 
per sq in, 
Solution, From the table of properties 


419, the bearing values for a %-in ri 

spectively 4 210 tb and 5 890 Ib. The sheari 

‘The rivets in the xo-In beam are in double 

cerns. The number of rivets, then, is 12 090, t 

or 3. For the 1s-in beam the shearing v 

required is 12 000 divided by 4.420, of 3- 

angles, 6 by 4 by % in and 5 in long, may 

leg and two in the other. The leg with three holes is 

with the rivets in double shear, and the leg with, 

ts-in beam; thus, in the latter case there are four rivets 

required for steength. They are driven in the field 

ateucture and the wor is accordingly made less 

because of the better 

than with the tools a F 
Example 4. It Is required to determine the mumber of 

4 by 4 by Mein angle-bracket attached to an 18in ss-lb 

ing a 10 by 12-in wooden beam on which there is a load of £8 e5c 
Solution. The rivets are in single shear with a, 

taken from Tablo TET, The thi 

a bearing value of 5 89a Ib. Dividing 9 030 Ib, the 

the controlling value, we find that two rivets are fi 

be fastened with three M-in rivets with a spacing of 4 in. 

are suflicient to hold the bracket. 


Rivets in Plate Girders. The methods of determining 
tnd box girders are given in Chapter XX. 

Bonding Stross in Rivets. While the BENDING STRENOTHE, 
joints of articulated trusses is always investigated, this is never 
case of nivers. A hot rivet properly driven is, when cold, 
‘stress which is nearly equal to the clastic limit of the material. | 
great pressure between the plates and frictional 
movement, which, under the usual conditions, equals the 










‘TS. 090 (72.000 on Hloors) 

+22 00 for laterals 

#8 00 (14 400 on floor 
_ beams) 

. of 37 280 1 laterals 





3 Beeagth ‘of Pins in Trusses* 

ins. Tes the design of the ris at ab anbedie glen I~ 
AHING FLEXURE of MENDING must be investigated. 

‘earing-Force at fection of the pin fs the algebra of all 
[dream inp on er sb ofthe ston “The sires is conser 
demaly distributed over 


Seles apt osc costoorns ly us thistear teat 
‘Soe ny ‘these components taken as the shear at any 
aye ton ye prin of ci to 

the graphic method being, 
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424 Resistance to Shear. ‘Riveted Joints. Pins and Bolts 


ntal components and these component forces in the two plate tre 
eave ‘The resultants ia both LrepeeSraerepe pwerpen 
single resultant force acting on the section obtained, and 
stresses duo to it. 


Table V. Shearing and Bearing Values of Pins for 0 
of Plate, in Pounds per Square Inch 
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% | aap | 500 sas | st | 22 soo 
| | 
24 | 4.99 | g2000 | wai | she | arr | Geo 
| #4 | sara | 31500 |. soso 2485 | G7 s09 
| Hi | s.90 | 33000 44590 Mh | aso oo 
2% | Gaga | 34500, | 48>, |) S| ata | 780 
tons 
3 | 7.069 | soso 26.5) 6" | sear)” Fass 
Me | 2G | argo | ait) | 6s papal) pages 
Mi | Bx | wooo ao |] Oe | 38.68. | 9 25000 
3 | 5.916 | 40520 3.5. | Ge | ange 
se | Gr’ | aco 0 | Oy | ae 
| 3% e | Mar 
| ™% | w 
He wae 


























In the Method of Moments a section is taken at each force tm suc 
and the moment of the forces about a point in the section found, due 
ation being given to the 
tion of turning, This is 
at each force on one side of} 
pin, If the bars are 
symmetrically, and in be 
vertical and horieontal 
Tnspection af the: 
usually indicate which | 
has the GREATEST RESULTANT MOMENT when the ant 
Components, Hand V, are combined, “Tela ‘ve due. ashore, Dom 
Bm I V* since, ‘eraphically, Woe vovalvann Bs Yan Sagas 





Fig. 10, Pin-joint 


— : 
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@ ¥L Maximum Bending Moments in Inch-Pounds to be Allowed 
Pins for Maximum Viber-Strosses of 15 000, 20 ¢00 and 22 $00 
| Pounds per Square Inch 






Moment | Moment 
for S= for S= | foes = 
Hg cc |, angco | zs |) 
felb. | indb 


Moment 
for S = | for $= 
2c¢00 | 32.509 
inl 





























1 ga 2219 
210 | 2h | 360 
20 | she | 4300 
she} sic | sto 


ame | 66m) 7460 | 
fse0 | 849 | oe) 
38 | 3030. | 31 ko 

wre | 129% | 14600 | 








425.700 | 341.400 
| sar Bee | ass coo 

igo 900 | 169 60. 
aby 400 | ais 208 






378 900 | 208 geo. 
194 380 | 218.900 
| a30.400,] 296 700 
237 $0 | 385.920 


24S 400 | 276 100 
264 300 | 297.900 







11 890 15 700 ihe 
mete | s8800 | 28 200 
Mofo | ayo.) a3 x0 | 284100 | 309,609 
1.700, | 2360 | 2960. | a4 0. | MS 


S590 ||) 39 Feo" | SH | 4 | aasene | 338900 | 367 seo 







266 | 35500 | acco |) | He 400'|! Sup goo |) Wat TO 
gee | yoko | 45 geo SM | aBo.000'| 373. 900°] at9 900" 
asco || afro | S2s00 |) S36] 2860 | 8 B00 | 447 Geo 


6 ai 100, | 424 109 | 477.100 
Gi, | 6400 | 4st 200 | gor boo 
BAL | Sep 0 | 79 ao | Sw eo 
| Wr gee | pa TOo!| gray 


feo | ssceo | 59 foo 
adage | sy 900 | 67 400 
goto | é74co | 35 Boo 
| S600, | 75.900) | Bi geo 














4300 j Bare, | 96700, On 494400.) $39 200 | 606 -6e0, 
j 71 O35 RO | 105 220 te | 438.700. | $7,900 642 so 
| 7700 | sea'se0 | 116 500 || | as2 900 | Gos geo | ‘679 ato 











|/ Bs p00) | 234 2005 | ast ses. || 6 | 478.500 |) 638 0mm | mt asd 





(tks. ‘The followinty i the formule for flexure, Mf =ST/e, with the reductions 
adage Mt to a beam of ciroslar section: 
MS Sedj/jz = SAd/a 

Mm the moonent of forces for any section through the pin: 

'S w the atrese per #q in in extreme fibers of pin at that sections 

A = the area of the section; 

d= the diameter; 

errr try 
(store are assumed to ect lo a plane passing through the axis of the pin. 
ltowe table gives the values, of Mf for diflerent diameters of pin, and for three 


Pesan eat’ & Known, an inspection of the table will show what the 
al the pls: milnt Ibe po that $ will not exceed 15000, 20 000, or 23 $00)lb, 28 
Wrements of the case may be. 

| 


nd, “Rienmiite 6 illustrates the mthod fer the condition of IxctINED 
(eeting on the pain Lor Baimynte,s the seme nvethed is employed to deters 
alan sof tse pos Go wine foot. 





| 
2 
i 
F 
: 
if 


joint, one-half of which is shown in Fig. 17, The 
the chatinel of the vertical member % in thick 


is Mi in from the center of the channel, 


ae 
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| Principles of graphics the bending moment at any point on the pin 
fo the intercept between the proper ray af the equilibrium-polygon 
the pole-distance, ‘To complete the figures, 


from. 

os, of to omg and sé parallel to o-1. In the same way 
Bacteoeucceiiewen ‘Then according to the 
finciples, the moment at any section due to the forces in the horizontal 
Jers Appear to sherremmenpee eg cetacean re 

ie edefk bounding the equilibrium-polygon; and the moments due to 
cal forces are proportional to the ordinates drawn to the line rate, the 
Evalue being ¢! SPS cee Sones Bae 99 et pole Sie 





Fig. 19 
Figs. 17 to 0. Pio-jolnt and Moment-diagrams 


(th moments are present, the resultant or true moment is proportional 

‘of the right-angled triangle haying for its sides the ordinates 
pilates at the point fi question, At X this is shown by the line mn. 
ares 2.42 in, and being the longest diagonal o¢ hypotenuse that can 





From these component moments the resultant mas 
M = V'54 0008 + 34 S008 = 48 400 lind 


‘Example 7. Another illustration of the 6 
Ge 1 A pla ae 








common BurF-joInT with two. 

of nours for such « joint is found in the 
‘steel tie-bars. ‘The bolts must be spaced as 
‘each thmber fn Table VI, to provide 














‘The distance from the end is equal to the dismeter of the bolt 
twice the smeax is equal to the mxasive Vatu of the bolt 


* When the effect of the inclined surfaces upon the unit strones. 


the formala for the normal intensity of stress lor cy\\oreal ying ar bel 
XXVIT, page 19 may Ve ved, “Tes Vormoda Wil ghee wre 
Tah Vile 


—— | 
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\VIIL* Safe Bearing Value of Bolts per Inch of Length Across the 











Grain in Timber 
| Shortdeat | 
eee | tongiet | 5 - 
yellow pine | White pine, | White oak 
fe salon vine") sed Doulas ry tb 
th 
a ie 10 as 
wh | ae 75 or 
a 350 20 Seo 
™ 2st ay se 
4 iia 30 Gs 
“ us nS @ 
sas ns py 359 
3 a7 ase his 
7 wpe re 1099 





[X. Maximum Allowable Tension, Shear and Bending Moment for 
Wrought-Lron and Steel Bolts 






































Wrought iron | Steel 
} ] 

Net |) Tension) shear | Bending | tension | Shear | Bending 
area, | at 12.c00 | at 7 500 | MOMERE | ne 16 c00 | at 10.000 | Moment 
sain | ib per | tb per | TSS |! ther | tt per | oP 

sqin, | sain, mer |! aqin, | sain, | 1 Pet 
sain, sain. 
a tb | ind se tor | relly 

ox || 360 | 3310 6 || 4s | sax 8 
ago|| so | 4si0 lo || 670 | bao | r300 
9.590 || 660 | 5890 1470 || S60 | 7&9 190 
6.4 || Bas | F460 | 2100 | sx 1co | oo40 | 2 Boo 
08 || tom6 | ga | 20 || ua | 2 | 38 

1.8T nee re 34 16 910 M89 S100 

x09 || 1sst0 | tase | 4970 || 20720 | 17670 | 6690 

4.746 || 2093 | Beis | mo |! soto | arom | T0500 
wee || a6 23 S60 ko hy aan ts 700 
2.08 pm a9 820 16 Boo 48 370 39 160. 23400 

| See 44 Ge 6 Bao 23000 50 519 0% Fad ad 

a Ge |) s40 4s ® fo | 789K 400 sed 
5.4% || fs 140 | syoro | 39800 || 85450 | 70690 | 53.000 

6.10 ) 8 120 20 go feo oq 160 So 67 400 

@8._A typical tie-beam used as 4 lower chord of a Howe truss is 


A 

‘Pig. 25. It is 50 ft Jong, of Douglas fir and subject to the tension in 
fmt panels shown in the igure. 

The thickness of the plank is drawn out of scale in the figure'to 
jolts more clearly. ‘The black circles show the vertical tension-rods, 
nearly cut the middie plank in two that ir iv woe considered 8 part of 
fe member. The arrangement of the punks and the lengths to be 
be ckrermined for each case, Ja the one shows there is but one 


le mille asaole where there iy the greatest tension, The distance 
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ist be kept within the values given in Tuble VII for the timber used, 
(caso shows in Fig: 28 the uxxoinG wowent in pound-inches is 
M=SL/2 or Mu S'Lia 


[isthe tanger. Band Z aro measured {a laches and $ io pounds. 





Wigs, 27 and 24. Bolts Supporting Urackots on Girders 





bo. For the construction shown in t is required to determine 
(tt and site of bolts, the Douglas fie gieder being S by 14 in, with a 
ft, and the Doughas fir joists 5 by 12 in, with a span of 20 ft, center to 
(itders. ‘The floor-load, including the floor, is 6o Ib per sq ft. The 
baby 3th by 9h in. 

L_ The floor-area supparted by the sgitder is. x4 by. a0 ft. At 69.1b 
the head Is 14 X 22K Go 16 800 Ib. The load S, on ome side, is 








bolt has a shearing-yalue of 4 4201. Hence two bolts are necessary 
the shearing condition, The bearing value Of the bolt in the wood, 
grain, is, from Table VEIT, 287 Ib per inch of length, or x 496 Ib for 
of the girder. The number of bolts required, then, is 16 00 divided 
(approximately r1, which gives a spacing of about 15 {n, 
#10. In the construction shown in the girder is 6 by 24 in, of 
fasd bas spanol 12 ft. The joists are 2 by 12 in and have an ft 
ec to.center of girders. The floor-lowl is 6g lb per sq ft. There are 
trips on the sides of the girder. The distance Lis yin. It is required 
taumber and size of bolts to be used, 
© The total load on the girder is 
32X18 65 = 14.040 Ib” 

S=7 020 lb 

ting load per Sach of thickness of the girder is 


14 040 
é 





=2340lb 
ding moment oa one side of the girder is * 


t Sms & 10 530 incl 


tee S actsint the center of presute on tho bracket-strip, rM i from 
pt the girder. 

ba ft 7 020 lly, which requires two 4i-in steel bolts at 4 420 lb for one 
Table IX. 

lela (TAY PLD 0s 2 fi-ber bet fs 287 Ib por iach of length; therelore 
ubirtens belts for bearing. 





PLal 
Fig. 29. Bolt through Rafter and Tie-beam 


by the above formulas are to be divided by the Gone of b 
to be taken care of by one bolt. 
In Fig, 29, 5 fs the horizontal componéat of the thrust 
Example rx, Tt is bag to determine the diameter o 
Uke that shown in Fig. 20. 
rafter is 6 by 10 in, of Douglas 
fir, the tie-beams 3 by x10 in, of 
the same material, the thrust in 
the rafter 30.009 Ib, and its incli- 
nation 30°, 
Solution. ‘The horizontal com 
ponent of 50.000 Ib at 30° is prac 
ically 26 o00lb. Then S = 26.080 


9 
Bearing per inch of length on the bolt baer dines 
Bending moment 26 009 x 9/12 19 $00 in-lb 


In Table IX, a 1% 
hed th, and a 25) 

$33 Ib end-bearing pressure on £ [ry a lneger bolt 
Fane VII. Dividing 4333 by 1 209, the slowible bara 
‘Teel bolt is found to be necessary, This ix large than 
to the joint must be deere ge? Mas mapa mt 
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ifan 8 by Sin strut and 4 by 8-in tic-boams are used, 3B becomes: 
(aim This gives 

§ Denssure 26 c00/'8 = 3 290 Ib per inch of length of the bolt 
moment = 26 000 X 13/12 26 ceo in-lb 

tear at the section on one side of the strut is the same as before. 

ble WII it is found that a 2%i-in bolt is large enough to provide for 
and that s 2¥é-in bolt is sufficient for the bending as given in Table 
if an § by Sin strut fs used, there mast be a 2%-in bolt and 
}D must be 1399 in (Table 


#2. Por the same construc- 
Figg. 29 and the same con- 
a the first part of Example 
tulred to determine the size 
& when it is necessary to 





‘The shear, bearing, and 
ment are the same as in Fig. 21, Bolts in Wooden Tie-beam 
4, but because there are 
ach quantity Is divided by 5 to determine the torce resisted by 


g c00/5 — 4 333 Ib and requires a %i-In stecl bolt (Table IX) 
4339/5 ~ 3 4a4 Jb and requires a 14-in bolt (Table VII) 
imoment = 19 509/53 = 6 500 in-lb, and requires = 1¥%-in steel bolt 


ge the bending moment determines the size of the bolts, which may 
5 shown by the dotted circles in Big. 29, 

23. Tt-is required to determine the diameter of the bolt for the 
t shown in Pig. 30, in which the inner beam is of Douglas fir and 
section, and the outer beams 5 by 8 in, the tension being 24.000 Ib, 

S= 24000; B= 6in; Lag in, 

shear on the bolt = 24 a00/2 = 12 000 Ib 

ing-pressure per inch of length of bolt = 24 00/6 = 4 009 Ib 

ling moment = 24 coo x 9/12 = 18 000 in-Ib 

dle EX a stein steel bolt is found sufi 





to resist the shear, and 








Ves 3% in, as the diameter nocessary to resist the bearing. ‘The 
must be 4 c00/'(2X 130) +544 in or 18% in, 
14. If two bolts are used, one behind the other, it ts required to 
‘he diameter of the bolt that should be used, the conditions and 
ig the same ax in Example ts, 
Dividing the quantities obtained in Example x3 by 2, 
lhe shear = 6 coo Tb and requires a Thin steel bolt 
faring = 2 000 Ib and requires a 2-in bolt 
filing moment = 9 000 fn-Ib and requires a x¥-in stecl bolt 
fable bearing ona r¥i-in bolt is (244 %) less than the required amount, 
general, since the other reguirements are more than satished, the 
weal de want For the 1%i-i0 bolt, the distance Dis 9! in. The 
bite tests any de facrease/ somewhat beyond che value given in 
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(in, x sufficient thickness if the strap were strong enough to develop a 
pressure over tho rafter. It i not good practice, however, to use such 
(erial, because of the danger of loss of strength due to corrosion, No 
ethan % in thick should be used in such places 
Faring-pressare aly teed between the strap and the bolt, for a Yin 
= 24.000 
bit, then, must take a single shear of 9000 Ib, a bearing pressure of 
[against the wood for each inch of latina bearing af 24 000 Tb 
Jef length against the strap, rot Table 1X a x¥%-in steel bolt is 
jto resist the shear, from Table V a 2-in bolt is large enough to realst 
|g from the strap, and from Table VIE a 2%4-in bolt is found 
lhe 3.00e-Ib hearing from the wood per inch of length of bolt, This 
le a¥i-in bolt satisfactory for the joint, 
fessure from the bolt to the wood, however, is not parallel with the 
[R inclined at 45% ‘The allowable pressure against wood across the 
about one-fourth of that with the grain. According to the formula 
Chapter XXVIII, page 1135, the allowable pressure per square ineh for 
is G12 Ib instead of the #405 per sq in allowed for direct compression 
|grain. ‘The reduced allowable pressure makes it necessary to: tise & 
[tyaaya sim bolt, which would be lmpeacticable, for it would almost cut 
fais intwo, It thus appears that this form of joint is not good design 
iss of this span. For shorter 
he joint may be made in 
fee with the requirements 
Tt bas the advantage of not 
ig any projections below the 








¥. Bolts in Tension to 
@ Foot of a Rafter. In the 
own in Fig. 33 the bolt ix 
te piKEcT TENSION only. 
junt of the tension S is found 
construction explained in 
+ ‘The rafter may be let into 
(cant of rest on top of it, the Fig. 33. Bolt in Tension at Foot of Rafter 

in the bolt being less in 
lecase; hut ft is easier to erect the truss if the rafter is NotcIED xwro 
a from 1% to ri6 in for ordinary spans and loads, to hold it while the 
pieces are fitted. After this is done, the holes may 


) ae be bored exactly where required. 
FA, Whenever S$ exceeds about 10.000 Ib for trusses 


> made of timber for which the highest bearing stresses 

(%) are allowed, a cast pLare, as shown in Fig. 34 and 

made to fit the inclination of the bolt, shouldbe let 

Special Washer. into: the tic-beam at the head of the bolt to distribute 

the pressure. ‘The diameter of the bole for the bolt 

te Sé In larger than the diameter of the bolt. The distance D. must be 

Gicieat to poovide for the horizontal component of S$, at the allowed 

stress of the matesial for shear with the grain. 

jorizantal component is found by drawing a vertical line [re 

al line from o and measuring od to the scale of t 

{his force must be less than the product of the distance 2, the wi 
hand the alkenes sbearinesteess given in Table L pase 412. 












ial 








‘This 


430) 


across the 
‘a washer 11% in square. 


in compression 
in (Table VI, 
OC ssh fain tan the tts 
poise other 


: 
i 


1 
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2. Beveled Cast- Fig. & Ribbed 
iron Plate with Pin 


The neaninowtate is designed to be stiff enough to distribute 
under jt uniformly, and its area is determined by dividing the los 
the allowable pressure per unit of area (Table 11). 
Simple Bearing-Plates. ig. 1 shows 9 stmrur 
beam. It may be a steel or cast-iron rectangular plate of 
to prevent its bending at the edge of the beam from the 


* See, alo, Chater KAN , BalsAieahomn h Uo aXe 
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fcena ‘For anchors for steel beams on benring-plates, sxe Chapter 
19 

ton Plates with Pin. Fig. 2.49 cast-iron tare win a poweL-rnt 
the-the shell of @ cast-iron columa, or into a recess cut in the bottom 
fen one. The pin holds the base-plate in position, 

fon Ribbed Bases. Fig. 3 isa cast-iron neuro nase for & large 
Wt castsiron column, capable of supporting load heavy enough to 
plate similar to the one shown in Fig. 2, at the edges of the column, 
tr plate were made unduly thick, 


> 1. Allowable Bearing Pressure on Different Kinds of Masonry 





Allowable pressures 


Kind of masonry 
Lb per og ‘Tons per 
io aq ft 





Prom the building laws of New York and Philadelphia 








time mortar... ma 8 
flimeandcement mortar. | sé 7] 
cement mortar... ooh td 
masonry, in cement Mortar. soos s0.0-+ 0 10 
i RRS i 18 a 





immended by a committee of Chicago architects and engineers in 1997 














in time mortar... & 4 
in Portiand-cement mortar 109 22 
[rebbte, in lime mortar 13 8.6 
i 200 m4 

409 88 

feo a 

30, 35.2 

+ 8.8 





tases of the Steel Cores of Composite Columns used in reinforced 

fonstraction Ihave areas sufficient to distribute the loads of the columns 

fomerete in the footings at the allowable working stress of the concrete, 

Usually goo Ib per qin. (See, ulo, page 474, Figs. 14 and 15.) 

fe 1. ‘The basement-tolumns of a warehouse are designed! for a load 

plbeach. ft is required to determine the size of the base-plates to 

be concrete foundations. 

At a allowable prestare of 208 MH per sain, the required area fa 

to ce oso sq fn, or about 32% in'square. The plan and section of 

plate Is shown in Fig. 3. 

[of Base-Piates. For small columns and wooden posts with tight 

oe FEAT pares of cast iron or steel are generally used. The cast-tron 
haves raised ring or cross to fit inside s hollow metal columa, of 

(om 1¥6to4 fe fn height fora wooden one. Ifthe plate is veey thick 

‘edipts tay: be beveled to srve weight, as shown in Fig. 2, but no 

te has than stout W fe thick. ire pant 








Ribbed Bases. Tf the calculated size of a bearing-plate fx so large! 
projection beyond the edge of the column, would be more than 
RIMUED BASE similar to that shown (Fig. 3) for cylindrical 
For such bases it is unnecessary to consider the transverse 
these bases are bolted to the columns they add celia to the g 
‘of the supporting members because of the greater width of such ba 


Proportions of Ribbed Bases. Tho neiour # of this type of 
be approximately equal to the peoyection P, and ithe DIAMETER 
the diameter of the column. ‘The projection C should be at least 5 
the, bolting of the column to the base, "The Tarcaoos4 ofall para of 
should be the same and approximately equal to the thickness of # 
shell. ‘There must be no thin webs as they result in breakage from 
stresses. 


Base-Plates for Steel Columns are usually made of STREL PLATES: 
as shown on the channel-columns in Chapter XIV, Figs, 17, 18 and 
iron bases are sometimes used for very heavy columns. 
favorable to the action of corcashon Ye tay ire Moe 





oe ae ! 
fF ‘Simple Bearing-plate under 1*Bear 





ie pared with the htc is eee 
cent 
a psmpee peer Bal ee ending mo- 


{and 3.4 the barn depth on the wal vel 
bieanewiet ee 
itied tba 
‘ng tise uniform | pe erraa races retour ot wea 
: rk ct me ee ea Be 


- estes owe = 
iS 9 Renee ne oats 


Wal ta the sesisting moment nt the same section ¢,\of, at stress S, 





t= 0.0158 V 13 090) 
A plate 14 in thick would be used 


sup in jicement 
width of the flange of the beam is 7 in. 
Solution. ‘The load on the plate is 60.000)'2 = 30,000 Ib 
The area of the plate = 30.000/162 — 18s aq fi 
‘The longth of the plate is 18/12 = s5¥ im 
Then, from Formula (2) t 
t= o.n088s V jo poe (155 —9)/ 43 = tit 
Standard Sizes of Steel, Wall 


‘These are 
TI, and are based ypon ALLOWABLE, rRessuREs ol x13, 162 and 208 
‘These Uni rRessuRns arc based upon the ALLOWARLE PRESSURES 


Fi Heari 
wh Bid ene 


found to be sale in practice. 


In Fig. 6, lot B= the length of the side of the plate as 

allowable pressure on the 

D = the side or diameter of the eolumay 

P= (B~ D)/2— the projection of the plates 

t= the thickness of the plate; 

A’ = tho area of the plate outside the column; 

we the allowable bearing pressure on the 

load on the column, 


‘Then in Fig. 6, the pressure on one-fourth of A’, shown enclosed | 
Hines in the figure, causes shearing and bending stresses in the: 
plate along the line ab. Considering the part enclosed and 
bout the section ad, the following equation is alivaliowch Geos the 
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W formals. (See Chapter XV, page 557.) ‘That i thie resisting 
quals the bending moment, or 
Stle= WARS 
stangular section at ad, this may be written 
SAD/6% Vid’ Pe 
te VsA'Pa/2 SD 
omes for S= 5000 
$= 00224. VA'Pa/D 
S= theo 


t= 0.0097 V.A'Pw/D 


| 4. Tt is required to determine the size and thickness of a cast-iron 
te to be teed under a wooden post 12 In square in cross-section and 
or a lowd of x13 200 th, ‘The plate is to be set on brickwork laid in 
oetar. 
‘The required area of the hase is 115 200/208 = s65 sain. W565 

ad a a4-in square plate would be used. 

A’ 576-144 432 qin 

Pm (24—12)/2 = 6in 

De izin 

© = 208 Ib per sq In 

tm 0284 V452 X 6X 208/ na = 4.75 ih 

knox may be beveled to 1M In at the edge. The computed thickness 


than i4 usual for such plates, some formulas having more practical 
which really assume a stress of about 10.000 Ib per # in in cast iron 


E 
late is made of steel 
——— 
d= 0.0097 V 432 X 6 X 208/12 = 2 in 


2. Bearing-Brackets on Cast-Iron Columns 


ual Column-Connections for fastening beams and girders to Gast> 
tna are shown in Pig. 7% ‘The end of the beam or girder lst on 
junder which is 8 sarcker-surroer C, cast om the side of the column. 
le beam, one bracket is sufficient; for wide beams or girders thera 
two ribs ‘The ends of the beams are fastened to the column by 
wes L,.cast.on the columa above the bracket. Sometimes « colume 
{by bolts passing through the bottom flange of the beam and through 
plate. This connection greatly deereases the lateral stability of 
ind should not be used. 
pelt and Brackets, when lodiled, are subject to stkAnind and nip: 
kes. ‘The simeak nt the outer surface of the columa-shell it equal 
baeaction of thie beam itsupports, “The mvmrxa-sraess is due to the 
fof the loud oo the shelf-plate at some distance from the surface of 
in. Thenuser & tension at the top of the bracket which tends to teat 
bell of the column, and causes, also, a compression at the foot of the 
THICKNESS OF THE REN must be great enough to withstand the com~ 
fom the bead above: and.alace the stress is variable along & section, 


Wee ais Pipe ail 7) paged 497 aad 458% 





that may be appiled through a beam. “The double ribs are required 
beams are used, not for strength, but to prevent the failure of 
RCCENTRIC KOADING. 

Tests of Cast-Iron Brackets. Brackets of cast-lron columns, 
New York Building Department gave a SMARKING STRENGTH of 4 200. 
‘sq in.on the section at the column wi A Tee 

t, and an average of 8 o20 Ib per sq in when the load was 
the brackot-shelf, The ae oer ee 
600 and in the second from 4 100 to oie ee 
‘twenty-two tests the MANWER OF FAILURE Was out of 
body of the columa. It appears that when the cheat of the 


From the results of the tests mentioned, a low WORKING wrEnsS 
must be assumed. 
Bevel of Brackets. If the stelf P (Fig. 7), on which 
‘Aue with the column, when the beun deflects the loait 
eo of the racket, caushog, an Worcs 














Bearing-Beackets on Cast-Iron Columns 
land connections and tending to tear a hole in the column-shell. ‘To 


AST 


iis the bracket-thelf should be sloped downward, away from the column, 


id have a nevet of 44 into the foot. 


jard Conmections for Cast-Iron Columns. Table IIL, published 
© im the Passiac Rolling Mill Handbook, and widely used iby other 


turers, will be found useful when detailing cast-iron 


columns, 


‘Table MI. Standard Connections for Cast-Iron Columns 


All dimensions ase in inches 
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might cause it to give way, Wooden posts supporting or 
‘uts fn railway bridges, should have a factor of safety of from six to 
te values of S given in Table I are used. 


© Average Crashing-Loads in Pounds per Square Inch, for Build~ 




























ing Materials 
ie Toads, 
dateriats tb per oq, Materials goats 
& | i 
js ¥ 
telbrick, concrete | Woods (contiaued!) 
eoney. see Chap. Cypress, (5 330 
| Heoiock.. . | 40 
white, . | sao 
oe Pine, long-leaf yellow, $00 
feo] tee || Pine shore eon Ao 
iros. vine ‘$5.00 ouglas fir... er 4500 
edt shages........) G00 || Pine, Norway. a ae) 
Pine, white, . } aco 
with the grain? Redwood, C <aliforaia. 400 
peewee - ans] 3s00 Spruce. ase 
| $000 || Whitewood $000 





‘thio, Table XVI, pabe 647, and Table I, page 1738 
e are values for wooden columns under xx diameters in height and are, of 
rape values. For crushing resistance of timbers perpendicular to the grain, 


tt, What fs the safe load for « long-leaf yellow-pine column, ro by 10 

‘section and 2 ft long, using a factor of safety of s? 

» Area of cross-section = r00 sq in; safe load per sq in = 5 0909/5 = 10005 

= 100.000 Ib. 

fa. Ie is required to support a brick wall weighing 8o 000 Ib by a 
f column tx ft long. What should be the cross-section of the column? 

As previously stated, for these conditions it would be wise to use 

ifety of 6. Thon the safe resistance per xjuare inch of section-area = 
7 Bacco 7h0 = 106 sq in required, ubout equivalent to a 10 by 

ection, 





ftugth of Wooden Columns or Struts Over Ten Diameters 
in Length. Formulas 


las for Wooden Columns. When the length of a column exceeds 
times its least cros+imension it is liable to bend under the load, and 
break sander # less load than would break it if it wore shorter and of 
trose-section. To deduce a formula which will make the proper allow= 
he length of a column has been the aim of many engineers, but their 
have not always been exactly verified by actual results. 

feently the formulas of Lewis Gordon and C. Shaler Smith have been 
ally by enginoees, but the extensive series of tests made by the Govern: 
Ingemachine at Watertown, Mass., on full-sized columns, showed that 
puilas did nit agree with the results there obtained, James H. Stan- 
& ted 18et pee pitied ‘the values of all the tests made at the Watertown 

falksive colamas Frown the results thus obtained 





favorable conditions of Sraterial, seasoning 
* There ort for the 
Peg le mel 





‘Tables of Safe Loarls for Wooden Columns abt 


Safe Leads in Pounds for Long-Leaf Yellow-Pine and White- 
Oak Columns, Round and Square 







































Length of column in feet 
ma = a 
t j 
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| Safe Loads in Pounds for Douglas-Fir and Spruce Columns, 
Round and Square 






Length of column ia feet 
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5. Eccentric Loading of Wooden Columns 


Principles. When the load on a short column of post is not axial, 
ten the column supports a girder on ono side only, or when the weight 
(irder Is much more than that from the others, the load is sald to 
5, and the distance from the point of application of the load to the 
inn, denoted by », is called the nocexrerctry of the load. Tt is evi- 
the stress in the colamn will increase with p, and that the total unit 
‘on the side of the column in which the 
‘on iis the greatest will be greater than for 
foxial load. 
Ia for Eccentric Load. Suppose the 
foad to be applied as shown In Fig. 1, 
sectional area of the required square or 
far column may be computed by the fol- 
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bgt 


prvala: 
‘etional area of the column in square 


Aw P/S46Pp/Sd (6) 

‘A= sectional area in square inches 

P = total load on column in pounds 

Ba eccentric load in pounds 

$= safe stress kn pounds per square Inch 

f= distance from axis of column to cen~ 
ter of bearing in inches 

d= side of column parallel with girder, in 
Inches 





iming the value of S, the probable ratio of 
fb the length of the column should be taken 
tint. "Thus if #t $s probable that the length 
exceed rz times the side, both being 
lin inches, for oak, long-leaf yellow pine or 
fir columns, or 10 times the alde for other 
hen the value of S for short columns may 
| If the ratio will probably be greater 
thes the probable ratio should be roughly 
@ aed § computed for that ratio by the 
flven for columins more than xo or x2 diameters tn length, as noted in 
f paragraphs. 

lle s. The lower post in Fig. 1 supports a total load on its cap-plate 
US, ineludlag the reaction of 13 009 Ib from girder A. ‘What should be 
pf the colunin if made of Douglas fir and if 12 ft in belght? 

fa Ast ls probable that the column will have to be ro in square S may 
from Table. With a factor of safety of i, this is equal to 4 500/s = 
fe sq ie. Pr 12.000 lb, d= #0 In and p, the distance from the axis of 
hnto thecenter of bearing of the girder 7 In, Then from Formula (6), 
deal area of the column is 


= 0%, 6X 12.000%.7 
yo wok ro 


[alvalent toe rs by seit ayaare column. From Table It, it may be 
lao dp sede cotame concentrically headed will carry almost 69 090 lb, 





A = 66.6 + 56 = 122.6 69 in, 





ao Strength of Co 


Henos, te a am he ne 
section of the column from § by! 10 to 2 by 

For wooden columns having length ote 
‘spruce and over 10 diameters for other wo 
should be found by using Formulas (4), (4) ) 

Bxample 4. What size will be required fo 
to carry a total load of 56.000 Ib, eo 
Ader, the distance from the center of bear] 
2p 

Solution. From ‘Table TH, it is probable | 
will be required, to that $ must be calculates 
Teng 


Sm 1000~ 10% 


368 
Substituting, - —s05eoeg 
jubstituting, S=1000-10X iw 


Substituting in Formula. (6), 
is 56 on 6 x 16 000% 7 | 
Bs 852X120 
‘equivalent to a 12 by c2-in column. 


6. Metal Caps and Bolsters 


Use of Metal Post-Caps. ‘Whenever } 
above another, each post except the top a 
find the upper post should be set on the ea} 
frirder, Where a wooden post supports a git 
used in place of the cap but modem, approvi 
table to, wooden bolsters. Details of poy 
oO HL 


3. Crushing of Wood Perper 


Safe Unit Stresses. ‘The bearing of w 
resting on gifders, and washers on truse-to1 
ent abt 
the safe unit stresses given in Table VIL 


Table VI. Safe Losds for Wood P 


‘Kind of wood 


White onk, 

Longleaf yellow pine. 
Douglas fir 

Norway pine: 

White pine 

Bhorteleaf yellow pine... 





Cast-Iron Columns 455 


‘8 Cast-Iron Columns * 


tm Versus Steel Columns. Although steel is being used more and 
year for columns in buildings, it will probably never entirely supplant 
ie buildings of moderate height. For skeleton construction, however, 
wight of the buil exceeds twice its width, riveted steel columns, 
(d connections with the beams and girders, are unquestionably better: 
larger proportion of buildings of moderate height, cast iron will 
lave the preference for some time to come because it is more economi- 





tges of Cast-Iron Columns. The commercial advantages which 

se of cast-iron columns are these: 

igmoss, As far as the cost of production is concerned, cast iron is 

jan_steel. This consideration alone often decides in favor of its em= 
‘The maw material is easily transported as pig iron & sometimes 

fer a8 ballast; so that competition with forcign countries keeps down 


ability, Cast iron is the most available form of iron. An iron- 
‘quires no very elaborate plant, scarcely more than a few furnaces 
olds, and moreover, no very extensive capital is required to operate 
[wently, the product may be obtained in almost any locality. In 
Is, on the contrary, the machinery must be very heavy in order that 
‘efcome the enormous pressure due to the resistance of the stcel In 
d to operate it requires a great amount of power, 
Ainess with Which it May be Obtained. Columns and other struc 
bers if sade of cast iron may be obtained mach more quickly than if 
‘eel, After the pattern las once been prepared, a dosen castings may 
ibmust as quickly us one, and with but very little extra cost, except 
fe additional ray material and the expense of remelting it. On the 
(t, columns and girders built up of rolled sections take considerably 
imake Sections can be punched only one at a time, and if they do 
fito be of some standard length, they must be cut and fitted separately 
an be finally riveted together, 
faleal Advantages. Cast iron {s one of the best materials to resist 
dn, ite ultimate compressive strength being as high ax $0000 Ib per 
even higher. Moreover, it can be molded into almost any desired 
lugs, brackets and flanges may be cast upon a column alf in one picce 
ly simplifying the cost of erection. In fact, the ease with whieh the 
ginder-connections can be maite is one of the chief reasons for the 
‘ol cast icon, Finally, it resists fire better thin steel and it corrodes 
Because of this, its we is advocated by many for the wall columns 
h structures, as these columns are particularly liable to corrode. 1a 
and Manhattan Life Insurance Company's Buildings in New York 
gine the wall columns are of cast iron, whereas the interior ones 
1 
fantages of Cast-Iron Columns. The disadvantages of cast iron for 
reas 
Wiel Disetrastapee, Cast tron is hard and brittle and cannot be 
lr riveted, as the blows required in driving the rivets would very Wkely 
fe castings; consequently, all connections have to be made with bolts, 
lonnection oven under the max feyorable conditions is not very “ii 


<P Sin, aloes Chapter XIU, pages 445 60 447, 














Design of Cast-Iron Columns 
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Pig. 5. Connections for Cylindrical Cast-lron Columns 


cat Connections for a Cylindrical Cast-Iron Column. Fig. 6 shows 
tally of @ cylindrical cast-iron column with typical beam and girder-con- 
|ig immensions and specification-notes. (Sen, also, details of connections, 
S neath, Far evtiodhical eNunus ta Chapter XI, Figs. 2, 3 
be Tahe LT oot steve chapscer) 








rectangulit rye 
Fig. 6, Heahaped Cross times found to be more) 
‘section of Cast-iron Column Section: 

The H-Shape Colu 
regard to economy of material. It is particularly ¥ 
in skeleton construction for the following ressona; 


BOUIN 
¥ ‘Whoer» boils yo Chron bevel angen, 
‘rarsted washers to rntch shal he used, go thatthe 
‘andl and wut of tha bolt wil be paral,” 


‘TOP rLaTER. + 

Voom than 4f'Uhick, eC Uhe sea 

‘the joint, anil to afford 

ighn-brar het, shall le paced be 
‘twee the ends of all rolyanne eaat with ane sil oF ith 
‘ove beck aren, and sheneree a colin of bras Aiaanetee 
‘4 place upon top of another. They shalt alsoeemed— 
No make up aay shorises in length ofeaahleon eoluninn, 
Lintes for double colowne shal bo eaat with tp ani ote 
tam Annee. \ Gee the plates have bowm dead alll he 
propee holes for conection shey shall be truly fat 
‘ead of pniforin (hiekinens.”” 


Note These [4 Golarome are paetiealarly well slayied 
for yall eslumoe in aketeton comtruction, Only the edges 
‘eo aver the face of the wall anu there axe no prajeet- 
ng riaae oe fangs Yo be In the way. 


Fig. 7. Connections for H-stuped Cav 


(1) Belog entirely open, with both the interion at 
‘Bay inequalities in thickness can ‘ve vealiiy decay 
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reel, thus obviating any necessity for drilling, and rendering the 
the columns much easier. 

‘tire surface of the column may be protected by paint, 

‘built in brick walls the masonry fills all voids, #0 that no open space 

t noo tema 4s placed as shown i Fig. 6, only its edges come near 

L 


ind brackets can be cast on such columns more readily and effectively 
(idekcal columns, especially for wide and heavy girders, and the 
do not require projecting flanges, which are often in the way on 
oltansns. 

bentric load may be applied to the web where its effect is less and 
tore evenly distributed than when {t ls applied to the outer rim or 


‘connections and brackets for H-shaped cast-iron columns are shown 


f Connections of Cast-Iron Columns. The bearings of « cast~ 
iron column should always 
be faced true to the axis of 
‘the column, and the columns 
should he bolted together by 
four 34-in bolts for columns 
10 in in diameter or less, and 
by ax bolts for sin and 
Jarger columns, Faced 
plates, as shown in Fig. 5, 
are inserted between the 


flanges of columns to. make 

up for any shortage in length 

and also when « column of 

smaller diameter Is placed f 
over one of greater diareter. 

Por convenience in erecting 

columns, the joint is, gen = 
erally placed just above the Ff | 


beams or girders supported 
by the columns. 
Projecting Caps and 
Hiram Column with Bases. A column with or- Fie he Crst-iroa 
te Wrong Method iamentatcapandbasoshould — Covumn with Cap 
hax shown in Fig. 8, that is, iit is to support Prajections 
‘every bearing column, the core should extend 
line from end to end.’ Plain molded caps and bases may be cast 
bat If mote ornamental caps are desired, or heavy projecting 

Set cle copatsly cod chachd to tha sinlght cotunns by 


1, Streagth of Cast-Iron Columns. Formulas 


(for Cast-Fron Columns. ‘The vurotare: aestwrawcr of cast iron 
(@ generally taken at'fo.000 tb per st in, and for posts, pintels, ete, 
eo is not more than six times the diameter or breadth, it will 
Jolasme « wonttis sraceurd of sic toas pet square incl of 
per posts on columns the streagtl b allected by the ratio of 
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‘Tables of Sule Leads for Cast-Iron Columes. ~ 463, 


WIUL Sate Loads in Tons of 2 000 pounds for Hollow, Cylindrical, 
Cast-Iron Columns with Square Ends 


Based on Formula (7). Safety-factor 8 
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‘Table IX. Safe Loads ia Tons of 2 000 


* Strength of Columns, Post! 





Rectangular, Cast-Iron Cobumne, 4 
Based on Formuts (3), Salet 
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| 9X (Continued). Bate Loads in Tons of 2 000 Pounds for Hollow, 
Square and Rectangular, Cast-Iron Columas, with Square Ends 
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% Types, Forms and Connections of Steel Columns 


Steel Columns, Struts, Trusses, ete. Owing to the many ai- 
ff built-up. steel columns over cast-lron columns, expecially for all 
and to the great reduction that has taken place in the cost of steel 
bm, built-up columns are now very extensively used in. buildings of 
brate height; and for skeleton construction, or for buildings exceeding 
iin beight, they are certainly much to be preferred to cast-iron columns, 
bees, also, are now much more commonly used in buildings than in 
tars, so that the architect must have at hand data for designing them 
yexputing thelr strength. In the following pages the author has en 
to cover the subject of columns and struts quite completely, to furnish 

‘as will enable the designer to decide upon the shape of column or 
‘best to we, and also to determine tho sizes and sections of such col- 
f the least labor. 
and Forms of Steel Columns. The following are cross-sections 
[arity of stecl coltsmns in general use, arranged in the order of thelr sim- 





construction, that is, the number of rows of rivets they require: 
Channel-col 
Bethlehem 1 col- with plates or 
‘umn lattice bars 
No rivets Four rows of 
rivets 
Lally stecl-con- Plate-and-angle 
crete columa column with 
No rivets side plates 


Six rows of rivets, 





Plate-and-angle Box column 
colume: Eight rows of 
‘Two rows of rivets, 
aivets 





4 


lerations Governing the Selection of Steel Columns. There are 
tions other than simplicity of construction which sometimes govern 
ffon of a column. Some of the most important of these are explained 
Sowlog paragraphs: 

ft and Availability of Material. 1 beams, channels, plates and angles 
most common commercial sectlons. They are easily rolled and are 
ured by all of the large mills. ‘They are reasonable in price and may 
led peomptly In large numbers in any locality where a stee! building is 
be erected, Patented sectioas or the product of one mill, do not, 33 
WER chee countitinas, 
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th mifled ends, and splice-plates are riveted to the sides or flanges 
{| the Mlustrations of typical stcel-colimn details, Pigs. 17 and 18: 
possible In’ these pages to Include the subject ‘of estumn-connectlons 
{| Dut a general way, the only attempt that has been made in this 
ta illastrate common forms of connections that have been used with 
tiie of columns. These will be found in the description of columns 
wing pages. 

‘of Rivets Required. No general rule can be given for the number 
size of the brackets required for column-connections, as the loads 
brted vary in different buildings and in different parts of the same 
The sumber of rivets required in each connection must therefore 
bed by the rules given in Chapter X11 for designing riveted joints. 
# for single beams, however, will generally require the same number 
# are given for beam-connections (Chapter XV, page 617). The 
{ress for rivets in column-connections is gencrally taken at ro 000 tb 
te single shear and 18 009 oF 20 000 Ib per sq in for bearing. (See 
(nd FET, pages 418 and 419, Chapter XE.) 


Mf Rivets. Steel columns fail cither by deflecting bodily out of « 
or by the buckling of the metal between rivets or other points of 
Both actions may take place at the same time, but if the latter occurs 
iy be an indication that the rivet-spacing or the thickness of the metal 
ot. The rule has been deduced from actual experiments upon riveted 
at the distance between centers of rivets should not exceed, in the 
‘ sixteen times the thickness of metal of the parts joined, with a 
(pacing of 6 In, and that the distance between rivets or other points 

‘at right-angles to the line of stress, should not exceed thirty-two 
hhickness of the metal. The usual practice in designing columns ks 
@ rivets the minimum distance on centers at both ends, for a length 
fice the least dimension of the column, with the maximum spacing of 





pe Columns.* Steel-pipe columns are used for interior construction 
tims and girders supporting floors, walls and chimsicys in all classes of 
uch as tenements and apartment-houses, factories, garages, churches, 
ete. A particular demand for steel-pipe columas is at the angles 
adows in mercantile buildings. In buildings of moderate height 
ists are Usually supported by the side walls and the columns have to 
(ya relatively Heht wall above. For sach places wrought-steel pipes 
famtagoously tused for the columns. They may be used, also, for the 
(porting the roof of one-story buildings. In the Borough of Brook- 
York City, pipe-columns are calculated acconting to the formula 
— Sol/r, ia which S.J and + have values as explained below for the 
Gity formula. If the columns are filled with concrete, the area of 
fetion of the concrete is multiplied by so and the product added to 
ported by the pipe. (See. also, paragraph on Lally Columns, page 
K formula gives a factor of safety of four, ‘The New York Burcaw of 
ies the formula, S= rs 200~ s81/r, in which S is the permissible 
tress, f the length in inches and r the radius of gyration of the cross- 
Whe pipe. ‘Phils gives « carrying capacity about 10% geeater than that 
bklyr formula. Tn Philadelphia, pipe-columns are allowed to carey 
(more than is allowed in Brooklyn, Where pipe-columus are filled 
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(ed in many cases by concrete filling, (See, also, paragraph on Lally 
Auge 477.) One type of steel post-cap used in connection with pipe- 
fatrey wooden xinders is shown in Figs, 62 and 63 of Chapter XXIT. 
hany other forms of cast and wrought caps for pipe-columns. ‘The 

















Fig, 11. Connections, Cau anil Hases for Steel-pipe Columns 


proper cage and bases is the most difficult part of adapting tubular 
Pipractical problems in, building-construction. Figs. 10 and 11 show 
fms of steel-piipe columu-connections. caps and bases sulliciently sug- 
imiMe a dodiencr to properly develop their details. 


cluding 16 in outside diameter, ir 
Notes on the Use of $ 


urn. t- 
(3) “A caprrat of nase should never | 

the thread reduces the section, 

area below the root of the threads sho 


porting power. , 

(4) "The ends of & pipe to be tisedl: 
sek atha aae 
t 


urned nor boreil $n fitt | 
should always be rakcep or SHRUNK to an 
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tted usually carry heavier loads before failure. This is increasingly 
(r decreases. Any form of end-connection of column that may, 
te from a failing floor may endanger the whole structure, 











Fig. 12, Connections for Bethlehem I Columns 


folumes should have sufficient stivrxess to safely withstand the 
ting forces to which they may be exposed. ‘This usually involves 
ts of eccentricity as well as of flexure due to transverse load. 
desteable to adhere aleuys to the trode sizes of pipe known a8 
anny APRA RPLONG, DOURLE-EXTRA STRONO, CASING, DOLLER, 








‘the deepest X beams it is not p ri 
ironed ‘ordinarily be to the webs b 


thin that too many rivets will he required for the conmedtion: | 
& table of safe loads for the Carnegic steel WH WeAMs be 
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Columns. As for as shop-work is concerned the Brruxxmess 


[ust as economical as the ordinary 'H-beam or 
fae a8 they, also, aro rolled and not built up 

‘The only fabrication required is that for the 
and connections. Typical connections ate 
12 from yehich the simplicity of detail. and 
‘of fabrication required are apparent. ‘They 
+ Superior ta the I-beam columns because they 





ff flange for attaching the beams and girders, besides being 





ANGLE-COLUMN TYPICAL ANGLE-COl 








AE om Teasonry Bearing on steel 
Pig. 17." Connections for Steel Plate-and-sagte Columns 


let Compnctie, ners Rititinn, Carnepic Stee! Company, Pittsburgh, Pa, 





more 
sizes, 5, 10, 12 and 14 in 
in Fig. 13, the section-area 


PICAL CHANNEL-COLUMIN 
Bearing on steel 


Pig. 18." Connections for Steel Plateand 


section-areas of column of the largest size may al 
plates to the flanges. ‘Tables of marsstons| 
rolled steel lumns and of the sare LOADS they 
XVIL to XXT, Although these columns haye 


* Prom Pocket Companion, vans Edison, Carmege 
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(s Mat until the establishmest in 1908 of the larger impeovesd mille 
bm, Pa., that these sections pecarie unsaile for use in this country: 
fadually sepersoding plate-andangle and box columns, 
we emnaller sizes. 
tlumns. Larcy covvms (sex, also, paragraphs on Steel-Pipe Col- 
| 469) are patented columns made with a circular steel shell, as shown 
jand filled with a concrete com- 
(pd, cement and blue trap-rock, 
(why compressed. The larger 
five, In addition, a steel rein- 
which makes alight, but st 
[hey are in many buildings 
fpasonry piers for supporting 
tause of the saving in space, 
(tensively used in mill-con: 
“Typical compections are shown 
‘The sale carrying capacitios 
b given in Tables XXIL-and 
be set, 
Ad-Angle Columns, Four 
[um plate riveted together as 
Pik. 16 are now being exten- 
|i huilding-constraction, par- 
be columns having an unsup- 
ported length of less 
than 90 radii; also for 
the outer columns in 
steel mill-buildingsyand 
for light columns sup: 
porting the roots of 
railway stations, etc. 
Columns with this form 
‘of crotection are 3 Pig, 49, Stee Channel-column. with 
pecially convenient Latticwbars 
for making beam and 
girder-connections and for splicing, and are-also well adapted 
to resist eccentric loads, ‘The width of the plate is generally 
such that the Least ADIUS oF GyRATION is in the direction 
rs, and this radius may be obtained dirvetly from Tables 
ipscieg XV and XVI, pages 370 and 372. 
HEE Channel-Columas. ‘Typical corr-nerarcs for plate- 
and-angie and channel-colurmms, taken from the Carnegie 
tapanion, 19¢5 edition, are shown in Figs. 17 and 18 and represent 
‘etice im ling construction. 


Coftumns. ‘Two channels, set back to back, at such « distance that 
gyeation will be equal about both axes, and connectest by lattice-bars, 
(Big. 19, make a very desirable column for moderate loads, as in the 
& 0c in Buildings of three or four stories in height. For greater 
cover-plates may be riveted to the flangos in place of the lattice 
| columns are very satisfactory, especially for making connections, 
Latticing of Chancel 204 Angles. $V’ channels uré con- 
[tthemwank 27 a Aig: 82 bo onder that there may wot be & teadeacy 






mi 





aia a 














rv least radius of gyration fo 


‘This same rule will also apply to angles, alt 
is generally doubled, as in Fig, 21. 


Fig. 21. Double Lattice-bars 


It is generally found desirable to make the ( 
by the above formula, or such that the ineliy 
about 45° with tho axis of the column or strut 

‘The proper distance ford or D, Fig. 20, foray 
‘of gyration will be the same in both dire 


page 339. 
The following tabulations are taken from 
Steel Company, r915 edition. 


Sizes of Lattice-Bars to be Used with 


Dimensions of 
Depth lattice-bars 
of 


channels 
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1 nize of stay-plates at 
ids of columns Weight of | Diameter 
ruimmum | ol 
‘Trickness| 2 | Teh 
in in tb 
uM ri} 48 
ui Do 6x8 
Sia 9 8.37 
* 2 1698 
* a 15.42 
% |B 2.73 
% 5 25.98 





L-Angle and Box Columns, Plate-and-angle columns, a8 shown 
fequiring but two rows of rivets are very economical columns for 
moderate height, as they afford excellent opportunities for connect- 
us and xirders. Tables of Sarr, LOAns are given in ‘Table XXIV 
| When a more compact section is required than that afforded 
+ sizes, the section-area may be increased by riveting plates to the 
wn in Fig, 22 which is a section of one of the columns in the Munie- 


dai 


by nied Piate- Fig. 24. Heavy Plate- Fig. 24. Heavy Plateand-angle 
snd-angle ‘Two-web ‘Three-web Column 
iumn 


















































te New York City. This, however, greatly increases the expense 
work, and it is therefore usually more economical to substitute 
Ceohumns, or channel or box columns. For high buildings or heavy 
the required sectional areas of columns are greater than can be 
tasing channel-colurnns or Bethichem columns without flange-plates, 
made of plates and angles, as shown in Fig. 23, which is one of the 
he Bankers’ Trust Company Buflding, New York City, will prob- 
to be more satisfactory. ‘The thickness and number of web-plates 
fates can be varied with the load to be supported. Ordinary con- 
[ox Contisoes are the sime as those for cHANNEL-CoLUMNs, shown 
For the tallest buildings and heaviest loads box columns with 
‘ks shown in Fig. 24 are the best. They are used in the highest 
pte sued ae the Masonic Temple in Chicago, and the Bankers’ 











calculating the safe load for columns is question, but the 
has decide! to a 
In the first place it is safe 
at all, it ison the side of ane | second place it-has a 
values assigned to the ‘constants have been 







the 
city laws compel the use of cortai 
i thereunto al 


‘a8 Used in Practice. ‘Tho following formulas, in the opinion of 
the best current practice. They are FORMULAS FOR SARK 
per square inch of cross-section, on steel columns and struts. 
‘the LexerH of the column in inches andy the LEAST RADIUS 
| the cresersection. (Sea, also, Chapter X. puugos x35. 344, etc.) 
Loan, &, for any column fs equal to S, obtained by one of the follow. 
RT le sr matatead dengd 
to) 
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the Showing the Method of Selecting Bethlehem Rolled H Columns 

t for Buildings 
tion, the interfor columns of an actual aixteen-story building are taken as 
‘The story-heights and the loads oa the columns are given in the following 























a: 

—— 

| H columa-section required | 
Loads 

Heights) Sale 
bl tn Toads. Diméstlons Weights 
stories, |S! || tons Pr a 
CO i = tions, | Section 
toms | D. Trees | numbers 
| is lis fe 

b | 2 | sso] mH | He | S00) ans | He 

E a S| ss] oh | te | ax) ako | te 

a fe] gat | sta] om | 20) aoer | ogc | ate 

. iad = % 

lo tas] vate | 34 | sais] ots | ara 

Be] | BJ soe) sae | ryie | aeon] ares: | tee 

i 

ee eee) 

Bo} B | Be | smal as [ave | ear] atao | ite 

PB | | oma] a |e | ow] oes | ne 

ef) | va 

fest ez | gas | 098] 19M | Me | suse) atte) |e 




















| 
the depth of the column, T the thickness of the flanges and 5 tho breadth of the 





Iman fee buildings are usually selected in lengths of twroatorics. By inspection of the 
Ppl safe loads for Ht colusnns, it is found that no columns smaller than 34-in H sec~ 
fave sulficleat capacity for the lower stories Where there is no limitation as to 
the column, the column with the langest dimenaions and having the required 
Hy well be the mont economical. ‘The ansupported length of a column should not 
90 radii of gsration, which is the imit of length for which safe loads are given 
(abides. dn the test ptuctice the unsupported length of a colamo is frequently 
Md not to exceed 120 oF 135 times the least radius of gyration; various limits for 
indicates! io the tables by algzag lines. The sale londs given in the tables are for 
lisie or symumetric Hoadiog. When the loads are not centrally or symmetrically 
[ithe site of the column should be calculated by Formala (18), page 486- 


fagle B. Suppose that in a 20:story office-bullding to be erected in Chicago, 
Wd oa exch of the first-story columns, which are 16 fect in lengthy is 705 
What columns should be used? P 
(aing to Table XXI, page g15, alving the safe Joads for Bethlehem r4-in 
(mons it is seen that x sy uio a87.5-1b cofuma, the heaviest rolled, will 
hand cans fone: thir type af coltsea, therefore, cangot be used. Mores 
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trade (10), page ar 
37 wx 15 0451 pet 3g 15825 Th OF.79.1 tons, 





OE Bange-anclo is 6 by 6 by ht ne Its) 
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determined. 

‘of that required to support 

to the combined balanced. 

‘or too small another trial {s made. 


Pig. 26. Channel-columa with 
Kecente Load. Elevation, 


Note. In measuring the nocenretcrry, the distance, 2, is, 
from the axis of the column to the center line or half-breadth line of 
or bearing. 
Examples of Eccentric Loading of Steel Columns. The 
amples illustrate the use of the formula and 
tables in determining the safe eccentric loads 
for steel columas. 
Example 1, The total load on the top of a 
column 32 ft In length ts 194 cco Ib, of which 
30 000 Ib come from the end of « girder. 
is no corresponding lond on the oppesite side. 
(See Fig. 26.) It ts proposed to use a channel 
column, What is the size of the required 
column? 
By referring to Table XXVI, page 539, it Is 





——— Ct 


‘Eccentric Loading of Steel Columns: 487 
. Substituting in Formula (rr), page 481, to find the safe unit 


” 12500 ~ 13.500 _ 12500 
Cane bP RMT s6ione ~ 1 7931/36 000 ~ 43 921/y6000 
i 

6 

eee a aaa 1024 Ib per aa io 


stress in pounds per square inch of the column-section is found 
(18), S= (P+ P0/A+ Moff. P= 164 000 Ib, P: = 30 000 Ib, 
in and M= Pxinlb, x the distance in inches from the axis 
humm to the outside of the web, plus the distance {rom the outside 
tthe center of the bracket. The former distance can be found from 
«= Wis4 in. Let the distance from the outside of the web of the 
\e center of the bracket riveted to the web of the channel be 2 in, 
of the tiracket being. in; then x, the lever-arm of the moment of 
or the eccentricity, is gin 2 ine 6 in. Af, therefore, is Pex or 
in, cis since the plates arc 14 in wide. Te-a= 4x5. Sub- 
Formula (18) 
bteoce | yooox 6X 7 
fon ay cede b 
i. as 
‘eodts the safe unit fiber-stress of 10 245 tb per 4 in, the oolumn- 
small, 
ad trial, consitler a s2-In, 20.5-Ib channel-column with x4 by Hels 


this section, Jee = 473, A = 26,06 9q in, ree = 4.26 in and Ire 
x 





= 8600+ 5036 - #1 636 Ib per sa in 


_ 2 0 12500 13 520 
T+ 0}"/sh 000 ~ 1-8 100] 36 000 ~ 44 109/36.000 
42 $00 X 46 000 
109 
Stress from Formula (18), as before, is 
deb $0000 , 30000 x 6x 7 
606 ans 


{than the safe strew of ro 204 Ib, the secont! selection is safe. 


tA Bethlehem H column x4 ft long carries 90.56 tons, of which 
© eccentric, being applied to the ange of the column as shown 
ye distance from the outside of the flange to the center of the 
2 in. What is the size of the column required? 
t, S5.selb column, which, fora length of +4 ft, or 168 in, will carry 
lable XX). For this column, A= 24.92, re-2= 3.03, Tiai~ 676.1, 
tnd # is x4 ft, or 168 in; hence I/r = 168/s.03 = ss. Substituting 
4s), asqunsing that that formula is specified, S = 15 200— 58X55 = 
tq in. | Since’ the eccentric load causes bending in a direction at 
bb the axis 1-1, Fig. 27, the bending moment duo to the eccentric 
¥5,52 tone or st 240 Ih, multiplied thy its lever arm x, which is the 
the axis 1-1 to the outside of the flange plus the distance from 
fo Whe center of bearing. The former dimension, taken from the 
heallegrivy 20h fo ated che latter és 2 in: hence x ~ 84¢ in or for 
Min Tbe cuancy « ales of the outermost ber from the axte 





= 10.204 Ib per sa in. 


= 7444+ 2 664 = r0'r08 Th per sq in 















+t ia 6 Me ln, which for convenience 
ss 676. Shusitattia Focmala 
tacciees 

per sq. 


Fig. 27. Bethlehem 1 Column with 
Eccentric Load 


of the web. (See the Bethlehem C: 
factual unit fiber-stress is 3 (150086 451040) 
= 7268+ 1 835 = 9 105 tb per sq In 


16, Tables of Safe Loads f 


Safe Loads per Square Inch of Metal 
Struts. To lesion the labor of calculating t 
struts, of whatever shape, the author has com 
vaturs of S for ratios of I/r v: 
not whole numbers, the ralues 
table should correspond exactly with the res 
sponding formulas. 

Safe Loads for Steol-Pipe Columns. T 
LOADs for STREL-PIME COLUMNS. ae Toads 
monded by the New York City Bui 
Stéal-Pipe Columns, pages 465 10 474) 

Safe Loads for Channel and Angle-Str 
give the sare Loos for standard CHAN WES al 
thete sizes ahat are most commonly wsed are 
pans for both the minimum and the maximu 
If the strut is used also as a beam, or is staye 
the larger value may be taken: ‘but if free to 
smaller value should be taken. If tho strut 
sms they should be computed as explainer 
pages 57x and 572, 

Safe Loads for Stecl-Beam Columns, B 
umns, Plate-and-Angle and Channel Colt 
giving the sare, Lous for these columns, wr 
‘but hy, the different manufacturers; th 
tafe, provided that an incense in arca is made 

Use of Table XI for Determining Sa 

is table will ye found oh great soslakamce 








| eae 
‘area is 4.4250 pm 90/098 = £15-4- 
Xd, the value 




















‘Column No. 5 


¥ ‘Character of loading Landa | Eead on 
| | column, | column, 
concentric | eceentric 





Roof and celling. dead load... 
Roof andl oviling, live load. 
Masonry piers. : 














From colamn above.* 

Floor, dead load, 

Fioor, tive load. 
Masonry piers. 

Safes, vaults, etc. 

ft | Column and casing 

Windload.......... 








Total. 








Sectional area required sain| sain 





Prom columa above.* 








Column and casing 
ft | Wind-lcad 7 





Total, 





Sectional area required agin sain 








Deduct (V4) live load... 0.0006 s | 
tings | Total footinptoad: ; | 
‘Ares of footing required. ......1 sq tt 


























Beingine dows the And dooms the cotarsa abore. the eccentehc loads may be add 
Roane Keats an thet sien placed ia tbe fist column. | 


| HEXae OVE 220 
| WSEXP SZ 2D04L 














6th Florine 








sth Ploor-line 


ist Ploor-line 
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‘KE. Safe Loads in Pounds por Square Inch of Metal-Area for Steel 
Columns and Struts 


4 = bength in inches 1 = least radius of gyration im inches 
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tontinued), Safe Loads in Pounds per Square Inch of Metal 
Area for Steel Columns and Struts 








agth in inches 7 = least radius of gyration in laches 
New Bridge | Pemler's! 
Boston | york |Chleme| co ana &, 

Caregic 





Wr 


io, 
e 

poor 
SB U/r 





16200 — 90 Ur 
4020 max 
13000 max 

ag30— 50 Ir 


ic 








pits Iv vi va | vi | 1x 
770 | 997 Bae | S000 | ro00 | 119 
7665 | 990 8230 | 7900 | Goss | m1 
Tap | 9% 8160 | 780 | 6090 | ta 
13m | 97 Boy | 7700. 6850 | tra 
73> | 96 7950 | 7se0 | 6790 | a5 
730] 99 78 | p40 | 6700 | 16 
Ta | 9405 7800 | 790 669 | a7 


7m | 94% 
Tie | 936s 


t 
g 
v 
Biz 
Sy 
aa4 
Li : 
7499 | 965 | 8588) Bow | 7600 6800 | 114 
Be 
Sara 
sau 
8.356 
Sa 
raas | 930 | 820 























wing Comrazative Diactau or Compression Fousunas the 
formulas, the abbreviations for the same and the maximum ratio 
« members and bracing struts are as follows: 








Maaimnoan patio of I/r 
mie ef formula Abbreviatlon |. 
Main Bracing 
members | struts 
wm | 20 
100 13 
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“XIT* Safe Loads in Tons of 2000 Pounds for Standard Steel-Pipe 
Columns 
Vent of 2 220 pounds Tabile based on New Vork City bullding laws. Yor] 
S = 15 200 — 554 /r, in which 
S = allowable compressive streas for steel in pounds per square inch, 
J = length of column in inches, 
y= Weast radius of ayration in inches. 
160 bs the left of the ngpeag lines correspond ts values of I/r greater thats $20. 


Sizes of pipe. Diameters in inches 
sim] a | mw] s 
Thickness in decimal parts of an in 
805] 0.216 | 0.2% | 0.257 | oat] | 0.258 
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‘Sizes of pipe. Diameters in inches 
eis wl] | 2 | 3 | 
‘Thickness in decienals parts of an inch 
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‘Tables of Safe Loads for Steet Columns 


XV. Safe Loads in Tons of 2.000 Pounds for Single-Stetl-Angie 
Strets 


Awoues went UNEQUAL Leos 
‘Stresses in pounds per equare inch: 


14.962 0 f/r for Tonkths over go rail 


11 000 for lengths of go radii and usutor; 























































aa & 
‘ . Length in feet 
& Thicke) aris | Arca, | 
a | xa? | sais | Ts 
ia jos r} a] 9 | 
= , | =! le 
rr | | 
} x6 | os | ge | : Pat 
' | He | 686 | 7.09 | 2.78) 4000) 37.21) 34. ta] 1.64] 98.88) 36.07 
MH | ox | 308 
faba) ge | Sas | sa 
He | 0. | 200 
» M | of | su 
He | 06 | 2.25 Avell 23 | for ce 
Bf Me | ee | se6 || a4 66) 222) ina) 5) i 
ya] Sit) | 278 | 2.95. | 11-49) 10.57) 9.65) 8.721 7.79) 6.86 
BM | op | 5.05 | 35.74) 25.60) at. st) 99.40) 37-39) 15.18) 
q He | O85 | a.09 | 10.25) 9.28) 8.33) 7,35) 6.39) 
= MH | om | 4m ae v8.43] 16.27) 34.07] | 
| | 
Hie | 943 | £93 | 9.25) Bas! 7-51) 6.59) 
. He | ofa | 430 | 1r-07 9.96] 8.8y 7.74) 
$6 | 062 | 367 ra eres 235 
Ho | ose | 344 | 6.52) 5.72) 4.93... | 
pee] | ose | aan) oss) 8.38) 7.21 
” oss | ars | Pst ro 9 2a) 
| 
“ O38 Fae {5.88}! sic 4.39 
oss | 192 ) 35a) 7.43] 6.30 
is o.s2 | 250 | 4110 9.66) 8.23] | 
| | 
MK 0.43 | 1.19 | 41] 3-88)... | 
* ods | t.r3 || 6.85) 5.64] 
i“ os | zas | 89s) 74 
“ eas | 4.6 | aay gant 
3 04s | css | 6.03, 4-93... | | 
9.43 | 2.09 | 7.79) 6.35 | 
<i 
reference to the diagonal axis 3-3. (See 





Stresses in pounds per square inch: 
11 oo for lengths of 5 radii and ender; 
13 520 ~ so h/e for lengths over 30 radill 
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* This is the feast radius of gyration, with reference to the diagonal axis 
‘Table XIL, pages 366 and 367.) ™ 
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| XEVI. Safe Loads in Tons of 2 000 Pounds 


a 
‘Struts 





| Lees Paxattex avn One-Haty Inc Apaar 


‘Stresses in pounds per square inch: 
1 000 for lengthe of so radii and winder; 
#3 S00 — 50 I/p for leagths over 50 radii 
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* From Pocket Companion, epts Edition, Carnegie Sted Company, Pitta 
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SXVIT~ (Continued). Safe Loads in Units of : 060 Pounds for Steel- 
Beam Columns 





Allowable Mberstress in pounds “ oy 
| foe longths of 60 radii or under pe sch Se he 


Pes Reduced for lengths over 60 radit by Formula (13), 
S = 19.000 ~ ol/r 
Weights do not include details 
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fare for ratios not over 200 fr 


Free Pocket Companion, 1915 Eiitioa, Caracsie Stoo! Company, Pittsburgh, Pa, 




















13 coo bor lengths winder 
ihe = sg ie nea 
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‘Tables of Safe Loads for Steel Columns 





KEVILE (Continued). Safe Loads in Tons of 2000 Pounds for Bath~ 
Jehem Rolled-Steel 8-Inch H Columns with Square Eods 








Allowable stress in pounds per square inch: 
3 000 for lengths under $5 Fadil; 
¥6 000 — s54/¢ for lengths over 55 radit 

















fain | shizz | 29.66. |, aros | 2.46 | arth | 25.20, | 26.68 
[sein Ae Ya 
2is.6 | 309.5 | aus | 359-0 | 285.3 
3] 37) 395 | a7 | 3.80 
du4 | ror9 | 109.2 | apa | sas. 
aie | 2a3| au | aa6 | an 
= - 
ms | 765 | 1.0 | 5 | 99.5 


fin te 























Loads below the heavy line are for lengths greater than 125 mdli 
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332 955 383 229) 232 
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Loads below the heavy line are for fengths greater than 
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‘XIX (Continued). Safe Loads in Tons of 2000 Pounds for Bethle- 
hem Rolied-Steel ro-lnch H Columns with Square Ends 







‘Allowable stress in. pounds per sqitare inch: 
3 000 for lengths unider $5 radi; 
16.000 ~ 5 4/r for lengths over ss radi 
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7 
455 | 458 | 4.61 | 4.65] 4s 
aon7 | 215.6 | 29.9 | a4e 
a62 | 264 | 2.63 | 2.66 


























‘Loads below the heavy line are for lengths greater than 125 radii 
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Weight | 
of eection.’| 64.5 | 71.5 |) 78.0 
Wb per tins ft 


Loads below the heavy line are for lengths grewter than tas medi! 
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‘Tables of Safe Loads for Steel Columns 5 


‘XX (Continued), Safe Loads in Tons of 2000 Pounds for Bethie- 
‘hem Rolled-Stesl 12-Inch H Columns with Square Ends 






















































































Allowable stress In podads pee square Inch: 
3 45 000 for lengths under $3 radii; 
16000 — 35 1/r Jor lengths over $5 radil 

10 26.7 | 2.9 | ass |) 6.7) | sto.a | 29.7 | a0r3 
a 267 2 353-3 66.7 280.2 2.7 Pind 
“ 67 =y. 333 26.4 Bo.2 7 wT 
6 219.6 | 232.6 | 246.0 | 259.9 | 272.6 | 86,0 | 299.7 
uu m2 m4. a78 290.6 263.5 276.6 m9 
> 27) azo | a6 | a0 | ae4.5 | 6px | ator 
= rr | eet | zara | ax34 |) ais.s |)asr7 | moa 
= 3%.9 | sora | asa | 22.8 | z¥6.4 | ais | fos 
2 182.5 m5 mio aor a ae 280.7 

| 
a aqs.0 | WRs.6) | 36.7 | sors |) 8.4 | a4 | ao 
Pp 19.6 ms 5 198.9 9. 79.9 ato 
2 16.2 170.0 | sf0.3/ | 190.3 1), 200.3 | anos | aat2 
xu 1528 | agae | amet | a86 |) agra. | aon | aire 
gs 145.4 14.3 | 163.9 | 173.0) a82.g | 191.6 | 201.6 
s me ups 155.6 44 75.2 ake, ms 
sq in we woe a7 At.o8 Bo 45.09 47.98 
fiet.....| recoe | rosa |rgta |rats.s |x 289.4 |1306.0 | rau.s 
Ins} 596 | sat | sar} sae | say | 5.50 | 5.69 
i. wo M77 wor 44. aah. 453.2 me 
is 30 au Pa a4 ats a6 38 

— | 

Weight | | 
fection. | 8.5 | uss) uz) ys | 165 | asus. | 16r0 

per tin & | 
Losds below the heavy lite are for lengths greater than 125 radii 
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Loads below the heavy line are for lengths greater thas xzgradil 
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‘XXI (Contmeed). Safe Loads in Tons of 3 000 Pounds tor Beth 
lebem Relleé-Steel i4-loch H Columas with Square Bade 





















































“7 
: 
Allowable stress in pounds per square inchs 
45.000 for lengths under ss radii; 
16000 — 55 /¢ for leagths over 55 mail 

wo mS | 9.2 | sr | sor | gan7 Mis 
a 28 | 2702 rad att BST MOS 
u 268 | apa | mer | soe | oa | Me 
16 a63.8 | 299.2 287 31.8 B57 Ms 
a+ | TS #34 534 a9. au 6 
r 299 | 6 | apd | aoer | dopo | aaa 
2 aa4| 267 | ans | 60 | o08 | 35.6 
oy mio} 89 | aia | omg | oor | wee 
6 aya} ao | 25.9 | 206 | a6 | 266 
* aeo | ana | 266 | ag | ams | ant 
ea as | 25.2 | 28.3 | ashe | rina | ar6 
» apo} ama, | ame | aus | asa | abr 
xy 190.0} sons 23.5! agit 231. 4 

° 175.4 v8.7 195.9 PNT 

4 vex | me | moa | 19s 
wm | aos | aay | are | soe 52.58 

ists | thar | ras | 1 6K0 

6a) 6 6.97 6.39 

519.7} Ssa| 589.8 | Gabn 

39 | 86K ada 
mse 16.0 Ise 162.0 70.5 178.5 

Lous below the hea ling are for lengths erenter thas 429 radif 
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Ul Tables of Safe Loads for Steel Columns a5 
XXI (Continued). Safe Leads in Tons of 2000 Pounds for Bethle- 
























4 hem Rolled-Steel tg-Iach H Columns with Square Rnde 
: 
Allowable stress in pounds per square inch 
| 13 000 for lengths under 5 radi; 

ye E 16 c00 — s$1/r for lengths ower 55 radil 
| —_——— — — a] 

10 in | 89.8 $00.0 516.4 sy28 549.8 

= 67.6 3,8 $99.0 sr6.4 x8 OS 

™ 6 a8 7.0 S64 su.8 549.3 
| <6 6 | B38 p00 5164 sa Mp8 
= ns amo na 510.9 76 Saas 
| 2 48.9 8 4.9 ae SUS se 

= 2 48 ra ae 55.0 

24 5.6 47 Ae 49.5 4 
36 weg | usr | wos | ass. 7 
| 2 whe | 412.6 

2 B56 | 399.6 

> mg Bs 

a6 6 
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Loads below the heavy line are for lengths greater than 123 radif 











516 Strength of Columns, 


‘Table XXI, Safe Loads in Tons of 2000 


Calculated by the New York building cod 


Outside Length af col 
diam- 
= 
ele) efe[=fe 


‘Table XXIII. Safe Loads in Tons of ac 
Lally Colume 


Factor af safety: 
‘These loads can be greatly increased b 
Calculated by the New York building co 


"ale | want 
diameter, per linear 
in | foot, 
=i | tb 
| 











‘Tables of Safe Loads for Steel Columns 617 
“EXIV," Gale Loads in Units of 1 c00 Pounds for Plate-and-Angie 
Columns 















Allowable fiber-stress per square inch: 3 080 pounds 
for asitn f Sora onaeder 
fot lengths over 60 radii, by Formula (13), 





























































































S= 19000 — 100l/r 
Weights do nat inciude rivet-heads or other details 
Web-plate 67x" Webrplate 8°” 
| x 
trective | ao + | os] Se] 8) 3) 8 
. | ae | 8 ax | & | & |g 
ER a gs | SS] ee # 
ax Be = = = ag 
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| * * e io ES ES 
o> o ar = w ior 9 
7 % 36 ror_| 9 
a # n 76 ” Fg Ts 
i 6 ra 7 ror 
2 Sy es ey ey Ras ee 
u re 5 r Ea r Bd oa 
a s 2 Z & bid fs 
u 2 a “a a os 6 
“ s a a cid xn 
is = a 2 a S 
6 2 x 3 w 0 & 
7 6 ¥ 3H z 6 % 
s a 3 s 
0 2 | 3) 3 $| 
~ 3 Es apeedy rd 
p o2 3 ar 
: les 
x 3 |» 
Rod serene eee 
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”@ 
iz 
ans | ne Cn 2 5 
fine are Ine ration of I/r nat over 60; 
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Sie easse 
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Tosd-values above the apper hens 


"The sale wy Tine 
fens tysween thw hes vy ner for taxon up to Dol, 


vy line are for ratios not over 200 f/r 


irc | 





> Froin Bodket Companion, vis EAitian, Carman Seek Cease 
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* (Continwed). Safe Loads in Units of ro0o Pounds for Plate- 
and-Angle Columns: 





Allowable fiber-stress per square inch: 13 900 pounds for 














































































Yengths of fo dil or under 
juced for lenytht over 60 radii, by Pormula (13), 
$= 19000 — 100l/r 
‘Weights do not include rivet-heads or other details 
Web-plate t6!"14" | Web-plate 1o"XMHe" | Web-plate ro!" 
| | | m) 
Z hE egy |e =| ¥& 
Hl & | oe | ve | sé a 
‘ x 
se | ¥ x ts x 
ag 33 | 3S bs Es ge | 33 
ss SX | SX | 3K | eX] aK) ax 
cy fi a is UU 
7 a 
Tr |e me |e | 
fcr uo 198 | 707 
82 | 10 9 2 
#| B co = 
« 1 207 
“a ain w | tas | 5 | x50 | 170 | or 
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ad a 6 8 | 16 | xm | ray | was 
| 3 “ | uz | rar | ah | os 
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36 B) | o | | te 
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S PRS S|] 8 
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= a 2 cS) 63 es 
* | | | & | a] a7] & 
7 uw) 4) a!) so] & 
a 2 | as | # | 
> | eee | | \ 2 ES 
» : “7S Pe 4 Eis 
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Be) eS 35) 3a | 25| b2| O3| os 
i ea 3| 37 
i. 1s baa | téa| 167) és |_3.69 | 2.10 
Hs! aso! ws! u6! 6.8) sx0| au 
Joud-valucs above the upper heavy line are for ratice of I/r not over 6; 
‘toe heavy linen are for ratios op %0 {aat/ri and those below the lower 








‘are for ration not over 200 I/F ==! rel 
Eititioa, Carnegie Stee! Company, Pittsburgh, Pa, 
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XXIV" (Continued). Safe Loads is Units of + 070 Pounds for Plates 
and-Angle Colamns 


















inch, 
aera Se sean Sg oe 


ve eEedaced for engehs over 66 mii, by Pormuld (12), 
So 19 000 = pool/r 
Weights 4o not include rivet-heads or other details 
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‘above the upper heavy line are for ration ie 7 
‘tbe Beavy linen are for ratice up to 120 I/r, and tows below the 
Beary line are for ratios pot over 20027 


Wms Piast Companion. 1905 Biition, Carnegie Stoel Company, Pittsburgh, Pa, 








‘ 
‘ 


Giese Sees 


ES/AEES BEREE 2B3/A9 S2428) ete 
CRS EWSES ES/EES HERES) & 





EGGS SESES FatRE 


te | tp 
ta_| us! 
a.m | 33.50) 35.09] 
sa | tas | tay 
$3) scr | oy 
8 | 1d | 165 
2. | 2.61 


rat 








2.5) | 














‘safe load-yalucs above the upper heavy line are te 
those between the heavy lines are for eation up to 1291/r; asd tha 
‘heavy lino sro lor ration not over 200 
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IXIV* (Continued), Safe Loads in Unite of tooo Pounds tor Plates 
and-Angle Columns 










Allowable fiber-stress per square inch: + ids for 
lengths of fora or under = eae age 
jeduced for lengths over 6o radii, by Formula (13), 


S= 19000 = 109! /r 
Weights do not inchide rivet-heads or other detalls 
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Toad-valies above the wpper hewvy line are for ratios of I/r not over fo; 
felee cheheney lines wre for ration upto t2olyr, and those below the lower 
we are bee ratios not over 2001/7 





Rinker Coaymunion, srs Ration, Carnegie Ste! Company, Pittsburgh, Pe, 





a 


Slee Glee sunes sages gegele 2 
ht 


“6 
cer Es 


=. 
+ 
© 











19.9 | 163.0 | 
above the tt ry tine were for 


‘The safe load-raloee 
lunes bacwecn ane honey lsec re be rrilon 0 lo ss Ce 
heavy fine are for ration mot over 200 1/r 


© Brom Pocket Compasion, 191s Vaition  Carneia Saad Sa 



















Tables of Safe Loads for Steel Columns 525 
* (Continue). Sate Leads in Units of 1.000 Pounds tor Plate- 
aod-Angle Columns 


Allowable Sbensteess per square inch? 13 900 pounds for 
lengths of 60 radii or under 
Redhaced (or lengths over Go radii, by Formula (13), 
S= 19000 = 1ol/r 
Weights do not include rivet-hnds or other details 
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‘Tables of Safe Loads for Steel Columns 6aT 


EXIV® (Continued), Safe Loads in Units of 1 000 Pounds for Ptate~ 
and-Angle Columns 


Allowable fiber-etress per equsre inch? is co pounds for 
lengths of fo mdi} or under 
Reduced for lengths over 60 radii, by Formula (13), 



































S= 19000 — tol /r 
Weights do not include rivet-heads of other details 
Web-plate 1a”x30" | Webrplate t4!"XY 
Sets 
aye 
sa 
su 
ry 
bool 
| sa 
| se 
* SSt Sst 8 5 
a7 ss s6r = 
x 7 m8 He 569 
a a ee a se 
i] wa bid Dad $10 S35 
a 436 a0 4 35 
ae “ 4st 476 a 
“8 ae a 490 “2 
8 a0 at “we abr 
a4 455 a4 us 
a9 = ~» er as 
wu“ bial Bred Bled or 
» w st my we 
a a mo 356 a 
2» aa = a9 a 
a 33 xs 2 us 
f 75 38 pep Ce at ee ee oa 
t ccd > you 
ft ato cael { 20S 
x) [43.50 45.74 
a ims | 1970 
6.6r Oe) 6.96 
407 45 m 
333 a __ 3.31 
| 
Ink.) 162 142.2 148.0 155.7 














filedead ralace above the upper heavy tine are for ration of 
the heavy lines are for ratios up to 1201/7, and *) 
feavy line are for ration not over 200 1/r 





[Pocket Compaction, 1904 Eiivion, Carscgic Stoc! Company, Pittsburgh, Pa, 


2 


f82 S22 45 ae 


$ BS) 


























torre tho upper hea i 
hehe vy Hines wre ra do rey nate on 
Fier bests Tine et for atl ne owe ooo 










Tables of Sule Loads for Steel Columns 520 


‘EXIV' (Contineed), Safe Loads in Units of 000 Pounds for Plates 
and-Angle Columns 





Allowable fiber-ateess per square inch: 13 600 pounds for 
Tengths of 69 radii or under 
Reduced for lengths over 6: radii, by Pormula (23), 
S= 19000 — tecl/r 
Weights do not include rivet-heads of other details 
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‘ale load-values above the upper heavy tine are for ratios of f/r not over bo 
Getwnen the heavy loes aro far ration up to 120 fr; anil thoee below the 
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Fine Poctet Compaches, 1915 Bibition, Cernecic Stee! Company, Pittsburgh, Pa, 
























he 

#eax 

sXne 

5 
id tvh a 
2 in bud 
3 13h ae 
a in a 
5 1m” at 
6 tyr az 
7 1 a 
os iar cial 
9 1367 ae 
2 T 
a ra9 | ta x38 rus 
a rox | 1346 tion ao 
23 iim | 16 Had Hed 
rue | 1185 

| rus | fue | t3 eo 
s ros | ria rar ram 
a ros | eur Lau 
a yop | x tur ta7 
» root | tour 1079 ins 
» m3 | 100 TOT ro 
ou 70 tots ford 
i on 
os 
es 
me 




















The safe load-values above ie heany Ise ans Sor a 
those below the heavy line are for ration not over £20 I/F 
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, ‘Tables of Safe Loads for Steel Columns 5a 
KEXIV* (Continued). Safe Loads in Units of : 000 Pounds for Plate 
and-Angle Columns 


FATES. Mlowatio fiberstress per aquare inch: 3 oo pounds for 
J lengths of fo radil or under 
Reduced for lengths over 60 radii, by Pormuals (13), 
$= 19200 —1001/r 
‘Weights do not include rivetsheads or other details 
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load-valum above the heavy line are for ratios of 1/r not over 60; those 
teavy line are for ratios not over 120 1/r 
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Picket Campania, 1315 Biltioa, Caro Steel Company, Pittsburgh, Pa, 
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‘Bale load-valoes above the heavy line are for ratios Ol A/F bb over 
below the heavy line are for entios not over 1294 /r 








awece cosas. bee 






Prom Pocket Companive, 19s Edition, Camage Shmk Common, Rian 





| ‘Tables of ‘Safe: Loads or Stod Columns 333 


XV Safe Loads in Units of 1000 Pounds for roInch Channele 
Columnn 





Allowabte fiber-struss por equare incht 13 c00 paunds for 

Jeneths of 6o radi or under 

‘Reduced for lengths over 60 radii, by Formula (1), 
$= 19000~ 10h) 

‘Weights do not include rivgt-heads or other detaila 
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Pockst Companiny sprs Sitios, Caregic Steel Company, Pittsburgh, Pa, 
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Tables of Safe Loads for Steel Columns 835 


* (Comtinued), Safe Loads Im Units of x 60s Pounds for zo-Inch 
Channel-Columns 







































































Allowable fibersteoss per square inch: 13 000 pounds for 
lengths of 60 mdii or under 
Reduced for lengths over 69 radii, by Formula (t3), 
S = 19000~ 1004/r 
‘Weights do not include rivet-heads or other details 
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‘Tables of Safe Loads for Steel Columns ost 


EV" (Continued). Safe Loads in Unite of roe Pounds for xeInch 
Channel-Columns 





Allowable fiber-stress per square inch: 13 600 pounds for 
Jengthe of 60 radii or under 
Reduced for leayths over éo radii. by Formula (13), 
$= 19.000—~ 100!/r 
Weights do not include rivetsheads or other detnils 
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"Baie load-valves nbowe the heavy fine are for mtice of #/r not over 6; those be- 
‘the beavy line are for ratios sot over 120 i/r 


Prom Pocket Companine, 2915 Kisition, Carseri Stee! Compony, Pittsburgh, Py, 

















S= 19000 — s00l/r 
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* From Pocket Companion, 195 Edition, Carnegie Stool Company, Picea 








‘Tables of Safe Loads for Steel Columns 539 


RXV Sale Loads in Units of 1000 Pounds for r2-Inch Channel= 
Columns 


























































































Allowable fiber-strow: per equare inch: 13 000 pounds for 
Jengths of Go radii oe wader 
Reduced for lengths over 60 radii, by Pormula (13), 
$= 19000— weol/r 
Weights do not inclade rivet-heads or other details 
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Joud-values above the heavy fine are for ratios of {/r not over 65; those 





Whe heavy Eno are for ratios not over 120 I/r ae 
Pocket Companion, 197s Eitivion, Carnegie Stec! Coapany, Pittsburgh, Pa. 
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‘Tables of Safe Loads for Steel Columns OL 


‘KXVI* (Continued), Safe Loads in Units of r ovo Pounds tee 13-Ench 
Channel-Columns 









Allowable fiber-sizest per square inch: 13 coo pounds for 
Jengtha of 60 radii or under 
Reduced for lengths over Go tudil, by Rormula (e3), 
S = 19000 ~ 1004/r 
‘Weights do mot include rivet-beads or other details 


‘Two tain channels, two 24-in plates 









































































ay | as i |aalq 
rae HOHE IH 
42 | é3 4a | 45) 43 | ae 
23/4 23 | 22 | 22 | ag 
ae |e a” | a] a" | oF 
om we boss = 6 | 63 654 
Be | xa | Ss oa | 69 | 3s | Os 
a gor | 55 m3 | Gop | Oya | Ose 
me | oe | as ma | om | os | Ose 
as co sas bo) oo 62 655 
a6 we) oes | sat | os | | bp) Ge | Oe 
% wr | Sas sea sm coy - 
we 93 we 
49 ad m3 | oD 
2 cs ba} & 
2 eee 
eal ri 8 | Got 
cad os a 
a 2 me | ja 
a us a | Se 
hod 43 os ws 
26 ae se | se | gs) or 
3 a Fad sis ST SST 
to is | su | su] su 
=» Ded i ~ -» aT 
~ a we) att or oe 
a Pa as | 49 
=> | i a | hs 
x Hw | oe 
x ast ts | it 
s se | i | ot | | fe | fe 
Fas) wa) ae] ado] a4) 46Rs 
Ty tuo 14) 
xr 5B 
aT Ea) 
nis aaa 
348.3 spa! 1sp:2 gl 1652) ree 
















Jend-values above the heavy line are for ratios 
he eawy line are for ration mot over 1201/r 
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Pocket Companion, yxcs Billtina, Caranpis Stee! Company, Pittsburgh, Pé, 
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‘Tables of Safe Louds for Steel Columns 43 


XVI* (Continued). Safe Loads in Units of 1000 Pounds for t2-Inch 
Channel-Columas 





Allowable fiberstress per sequare inch: 13 coo pounds for 
lengths of fo rectli or under 
Reduced for lengths over 6o radit, by Formula (13), 
$= 19000 — 1o0f/r 
Weights do not include sivet-heads or other details 





‘Two rain channels, two 16-In plates 
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[Pocket Cangunien ns Sittin, Comore Stee! Company, Pittsburgh, Pa, 
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‘Tables of Safe Loads for Steel Columns aT 


“a (+ (Continued). Safe Loads in Units of 1 000 Pounds for 15-tnch 
‘Channel-Columas 
7 





Allowable fiberstress per square inch: 13 e60 pounds for 
lengths of Go madi or under 
Reduced for lengths owwr 66 radll, by Vormuta (t3), 
$= 19000 = s004/r 
Weights do not include rivet-heads or other details 








| Two tein channels, two i6-in plates 
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‘Tables of Sale Loads for Steel Columns 
‘RXV * (Continued). Sale Loads in Units of tooo Pounds for 1¢-foch 


aM 


‘Chaanel-Columns 








Allowable fiberstrecs per square incht 43 o90 pounds for 
Tengths of 60 eid of under 
Reduced for lengths emer fo radii, by Formuta (6), 
S= 19.000 ~ 1004 /" 
Weights do eet include rivet-heals or other detatte 
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‘Tables of Safe Loads for Steel Columns 
T* (Continued). 


Safe Loads in Units of 1 e00 Pounds for 19-Leeh 
|-Cotumns 


Allowable flber-etress per square inch: 13 006 pounds for 


Roduced for _— ‘over 6 radii, by Formula (13), 
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IE* (Ceatinued). Safe Loads tn Unite of 2000 Poundd for 15-Dack 
Channel-Columns 
















Allowable fiberetress per eq inne Lach: 13 665 pounds for 
teneths of bo mul oe under 
Reduced for lengths over 62 radil, by Pormula (x3), 
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S= 1900 — 1001 < 
Weights do not include rivet-hends vonher dal 
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CHAPTER XV 


GPH OF BEAMS AND BEAM GIRDERS. FRAM- 
ING AND CONNECTING STEEL BEAMS 


By 
CHARLES P. WARREN 
RISTANT PHOFESSON OF AKCHITECTURE, COLUMMEA UNIVERSITY 


|. General Principles of the Flexure of Beams 


fioms. A structural member placed in a generally horizontal position 
‘OF moro supports or projecting from some other construction is called 
A Ginpex is a beam carrying smaller or secondary beams. A CaNTi- 
(ise fi a beam supported at the middle, of having one end fixed, as ina 
the other ead free; or it is the part of a beam which overhangs, or 
beyond a support. A stuvtx. wax fs one which rests upon two sup- 
fateachend. A CONFINCOUS REAM rests upon more than two supports. 
{nce between the supports of a simple beam, or, when so specially desig 
mcenter to center of the bearings, Is the spay. It is usually designated 
he loads on beams are cithor UNIFORMLY DISTREBUTRO oF CONCEN- 
A uniformly distributed or uwironst load includes the welght of the 
BM and any load spreail evenly over ft, such 48 the weight of a wall. 
Toads are estimated thy their intensity per unit of length of the beam, 
Spee lineur foot. A uniform load per linear foot & represented by w, 
‘otal unfform Joad hy ev or I". A concentrated load fs a single applicd 
(ech asa column and its load, or the load from another beam, and is 
hy? 
les and Deformations. A load on a simple beam causes the fibers to 
(elect, and eventually to break across, or in other words, a Joad induces 
Hx oc riexunan srucases in the fibers. Since its impossible to bend 
a simple beam without causing a shortening of the fibers on the upper 
fe-side and an. elongation of the fibers on, the lower or convex side, a 
beam causes Compression in the upper fibers and mexston in the 
es, mhilo between, the two there is a neutral layer or surlace of fibers 
unchanged in length and which is called the NEUTRAL SURFACE of the 
a cantilever beam the reverse is the case, the upper fibers being 
(and the lower ones in compression 
Determined by Experiment. From experiments it has been found 
amount of elongation or shortening of any fiber is directly propor- 
fits distance from the neuteal surface of a beam: hence, i! the eLastic 
(ot exceeded, the stresses, also, are proportional to their dixtances {ror 
fal surface. The trace of the neutral surface on a cross-section of a 
called the wewreat Axis of the crosssection, Within the elastic 
spaterial the neutral surface passes through the CENTRRS OF GLAVITY 
fe-sections of a beam for all materials 
tg Moments and Resisting Moments.* ‘To determine the strength 
(am to resist the effects of any load or seriew of loads, two things must 


© Son, ates, Chapter IX, paces sag and 18, 
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te ef 16 000 Ib per eq in for S, but these full loads should be used 
bm, and reduced when necessiry to satisfy any unusual conditions. 
| steel girders 14 000 Ib per sq it is the value usually given to S. 


fable IL. Safe Unit Piber-Stresses, 5, for Plexure of Beams* 
(to be noted that these are average values, especially those for wood 











Values of Values of 
Materiats S, Materials 3. 

Tb per sq in! Ib per seq in| 

- | 
tension-side. ocd || Redwood: California... cd 
[smpresion- side] teen || Bhorcleat yellow poe... Yee 

iron (rolled Spruce, s 
t2000 || White oak Sate ‘ 

bd beam) 16.000. || White pine. 
fted girder, net Bluestone dageing (North 
etion). 14 00 River) 5 


~~ rivets “asd Brick (common)... ... 
¢ Brickwork (in cement) 

700 || Granite (average) sus 

foo || Limestone (average), 

fo || Marble (average) 

too || Sandstone (average) 

‘eo. 

bo 


8 
8 










Slate (average). 

Concrete (Portland) t 
4x0 || Concrete (Portland) 
} 1200) |} Concrete (antural 
| to Conereve (ratural) reas: 
ao L —— 
(eparison of values given in different building laws see Table X VIL, page 648, 
I. Compare, also, with Twhhe XVI, page 6, Chapter XVI. For wltlmate 
ours, sce Tables XVIII and XIX. pages 6c and 6st, Chapter XVI. Por 
F Genit beams, see Tables 11 and {If, page 638, Chapter XV! 


Tnsymmeteicatly Loaded or of Irregular Cross-Section, There 

Yoaitings and cross-sections of beams that occur most frequently 
‘construction, and for which tables have been worked out that give 
ids directly; but for a beam unsymmetrically loaded, ot for a beam 
F eros-sectiow, it 1s inipossible to compute tables for strength, as in 
the Yalues must be computed by determining either the section 
Je, required to resist the maximum bending moment, of the maxi- 
Ing moment that may be allowed for a given value of the section~ 
































Formulas for the Flexure of Beams." The general formula for 
ha state of Mexure under any aystom of loading is 


(ues Bending moment in Uecee-OUNDS 4 kection-modulusxS — (2) 
Muse SI/c a)’ 
maximum bending moment in in-lly 
——— ao G) 
Sectiow“modubus = 
Vem Mowe! S 3) 


Sow: ale, Chapters IX, X and XVE, 








Tem 12 Maas /S 


By substituting for the bending moments their values in 
and the spans, the following tooasha which Sbgi- ao eae 
are readily deduced, 


2. Formulas for Safe Loads for Beams for Different Cos 
of Loading and Support 



















T/c= the section-modulus; 

S= the safe unit Gber-stress In pounds per square ineb; 
W = the total uniform load in pounds; 

P= the concentrated load in pounshs; 

te the span in feet. 
Values of Z/c for the vatious shapes and sizes of structuralsted 
given in the tables of Chapter X. | 


Case I 
Beams Fixed at One Ead and Loaded with a Concentrated Lead P, i 




























Maas = SH/t2¢ 7 


From Case I, Chapter IX, 
Mos = PI i 


Pl~Sifiae 


| 
and the safe load in pounds is | 
PeSiftzd 
Fig. 1. Cantilever Beam. Load and the section-modulis is | 
bed Hem 12 PYS 
Example 1, A steel T bar is fixed at one end Ina trick wall, mad 
the other end with Goo Ib, the distance J being 4 ft Wisat is thie 
required to support the load with safety? (In all examples the 
beams are neglected, unless particularly mentioned.) 
Solution. Allowing 16 050 Ib pee sq in for the value of S, Forsnula 
Te (12 X 600 X 4)/:6.000= 1.8 
The next step is to ascertain what T bar has » section modulus 69 
In Table XIV, page 369, the nearest section-modulus to this is re] q 
fing toa 5 by 4 by Hein T bar 


For an X beam, by Table TV, pagw's33, Tem 14, the sarmeas fet 
‘and calls for a 3-in 6.s-lb Tbeam. 


Hence 
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Case 
Jed at One End and Loaded with a Uniformly Distributed Load W 


fmalla (4)! 
Mu St/i26 
11; Chapter IX, 
Meu = Wi/a 


Wi/s= SI/126 
+ load in pounds ix 





W=SI/6d ye 
ea 
tf/e=6Wi/s (7)’ Fle. 2. Cantilever Beam. 


Die 
see Wihan tithe nce eo masta ee 


[1 beam required to carry a uniformly distributed load of 130 1b per 
ngth of 6 [t? 


W = 150% 6 = goo Ib. Substituting in formula (7)', 
6X 900 x 6 


HWe= 6.000 


= 2.25 
TV, page 355, the nearest section-modulus to this is 1.9, which is 
g-in 7.5-lb beam, the heaviest of that depth. However, as the 
fr beam, also, weighs 7.5 Ib per ft it probably would be sclected be- 
ts greater stiffness, although its seetion-modulus fs 5, still greater 
red. 


Case Itt 


apported at Both Ends and Loaded with a Concentrated Load at the 
ie 3). 


From Formula (4)! 
Pp Moss = SI/126 
Prom Case 1V, Chapter IX, 
Mase = Pl 
Hence 
Pi/4= STfiz6 
and the safe load in pounds is 
PeSi/sd (8) 





‘and 
Simple Beam. Load at Middle of Span Tem sPls (8) 


3. What steel 1 bears will safely support a concentrated load of 
ied at the middle of a s5-ft span? 
| B= 7 tons = £4009 tb. Substituting in formula (8)', 





3% 14 000% ts 
Soe a 39.5 
ihece 


mgaliy tor Tale S¥; page x05; Ht ts seen that a rz-in 35-Ib beam has 













and 


Beample 4. What steel beam will 
of 1 000 Ib per ft overaspanof ag ht? 
Solution. W'= w= 1 009% 25 = 25.000 Ib, 


From ‘Table IV, page ss4, the nearest 

@ xg-in ga-Ib beam. 

Case V 
‘Beam Supported at Both Ends and Loaded 

of the Span (Fig. 6). 









Formulas for Safe Loads for Beams, etc. 


bending moment as explained for Case 
the value thus found in Formulas (3)’ or (5; 
» What steel 1 beam will safely carry a uniformly distributed load 
1 per ft over part of the span, beginning at a point 5 ft fram the left 
ad extending over a distance of 6 ft, the spaa of the beam beitig 18 ft? 
‘The Grst step is to find the point of maximum bending moment, 
Gs the polit of no shear. Obviously the maximum shear is just at the 
Jo the reaction nearest the load, which in this case is the left reaction. 
md the left reaction (see Chapter IX, page 324) the center of moments 
Six at the right reaction and the equation of moments fe Aix 18 ft — 
Hib 6 ft) tol 0, 18. R= 72000 and Ri= 4ooolb. The shear just 
Fight of A) is therefore +4 000 Ib which, if the weight of the beam itself 
5 remains unchanged for every section of the beam between the 
faction and the uniformly distributed load of 1 200 Ib per ft. From there 
| passing to the right, the shear is diminished at the rate of 1 200 Ib per ft; 
Ht becomes zero, therefore, at a polnt 4.000 lb/r 200 Ib per ft 3.5 ft to 
fight of the s-t point. Hence the point of no shear and conséquently the 
Hof maximum bending moment is at 5 it 3.3 ft, or 8.3 {t, from the left end. 
Jequation for the maximum bending moment at this point is, therefore, 
Meas = 4.000 th X 8.3 It — (¢ 200 Ib X 3.3 ft) X 3.3/2 ft 
= 33 200 ft-lb — 6 574 ft-lb = 26.626 ft-lb, or grg §x2 in-lb 
Formula (3), f/e= 319 512 in-Ib/16 000 Ib per sq in 30. From Table 
jase 355, the nearest sectlon-modulus corresponding to this is 20.4, that 
isin 25-tb beam, A ro-in as-h beam, however, being stronger and stiffer, 
probably be used. The coin 22 Ib beam is what is termed a suvrux- 
REAM. (See page 353.) 








Case VE 
Suppocted at Boch Ends and Loaded with a Concentrated Load, not at 
| alba 
i 





Fig. 6. Simple Beam, Conceatrated Load at any Point 
‘yom Formula (4)’, 


Mus = SI/ 126 
(tm Case VI, Chapiter IX, 

Mua = Pinn/t 
he 

Pruti/t St/t2¢ 

Vibe safe load im pounds is 
P=SU/s2¢000 (x0) 
| Tem 12 Praw/IS: (to)! 
(aad f bekng Je seer. 


te 


end. ch b 
What ta th san dd the weight of the cl 
Solution. The channel supports only « 
P= 8200 Ib, wm 4 {ty Sm 16 000 Ib per se) ity 
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chattel in the above example Between the supports would be 
yoo tb, and P would be 8 100 Ib, which would give a value for 
The factor of aafety in the loads Allowed is generally large enough 
Aight effect produced by the weight of the beam; bat if the full 
Is likely to be imposed on the beam, then allowance must be made 
of the bear itself. 





Case VILE 


orted at Both Ends and Loaded Symmotrically with Several Con- 
és Fig. 
it is necessary to compute the maximum healing moment in the 
(portion the beam hy Formulas (5)" or (s)" 

A steel-heam gicler is to be designed to support a brick wall, 
aed weighing 158000 Ib, aver an opening 22 ft wide. ‘The girder 
port the ends 
in oor-beams 
\ Fig. 8, each. 
ue 16 090 Ib, 
due and weight 
required? 

The first step Fig. 8, Simple Beam. Several Concentrated Loads 
+ allowance for ‘Symmetrically Placed 

the girder. 

Lon the girder (neglecting the weight of the girder itself) = 138 900 
3b (one-half the load on each beam) = 370.000 Ib, or 8§ tons. 
ch more than the heaviest single rolled beam will carry, it will be 
ase a pair of beams and the load on each beam, therefore, will be 
‘onsidering for the present the entire load as uniformly distetbuted, 
fe 77 shows that to support 42.5 tons, or 8s 000 Ib, over a spain 
res a 24-in Ss-Ib beam. ‘The girder then will welgh between sup- 
€22= 3740 Tb, oF about 4000 Ib. This ailded to the weight of 
ts; for the total distributed load, 142.000 Ib. ‘The next step Is to 
+ maximum bending moment. 

mutas given in Chapter IX tho maximum bending moments for 
‘ads may be found as follows: 

tnd girder (Case V, page 526), 


23.X 142.000 
Meas ry 


By (Case VE, page 327), 
Bose x 34284 
anes EL 

By (Case VI, page 327), 
Sooo x 84% 1346 
Lo 

33 








= 390,300 ft-lb 
= 23,548 ft-lb 


= 41727 ft-lb 


being spaced symmetrically from the middle of the span, the bend- 
for Bs and By will be equal to those of Bs and S; respectively. 
dexling moments to a scale, in the manner explained! for Figs 17 
$50, the diagram shown in Fig. 2 i obtained. The greatest bend- 
Fhe ardlinete Moy which scales 486 soo Ith, of $558 000 in-lb, 





SL 

0. Bending-moment Diagram for 

Pee Son orate Pee 
means of seperators, 

equal distribution of the toading. ‘The author, therefore, rex 
Case & RIVETED BEAM GIRDER OF of loot, the 
indicated applies to any method of looding, the o 
culation being in the determination of the maximum’ 

Inclined Beams. ‘The strength of beams ind 
computed, with sufficient accuracy for most purposes, by esing 
given for horizontal beams, and taking the HORIZONTAL 
as the spans. 


% Steel Beams and Girders 


Materials Used for Beams. Practically the only’ 
tural work for beams, at the present day, are wood, =a 

As wooden beams are alway’s rectangular in 

used in this chapter can be much stmplified ty tut 
terms of the breadth and depth of the beain. Formulas 
therefore be found in Chapter XVI. Cast iron, also, is ores 
beams or lintels, but a8 this material is much stronger fn) 
than tension, the beam must be of a special shape fn o 
foadvantage. The strength of cast-iron beams 


* Por the deflection of stwet beams, see Ct 














fas are loaded with heavy loads 
sof short pan are un 








i i 
of Beams. There are two conditions 
se ete, tin 
ring on sree Westiech nenuace na 
Ceara cra eae ee 
= sapere besiprees ape pee 
| marc of en a cura 
ee eee and that 

IAL sterssesiare equal In magnitude 


cor intensity to the VERTICAL 























Safe Loads for Steel Beams and Girders. Examples 573 


= ny. From Table VIN, page 35% the I/¢ about the axit a2 
if to this fs that of a 12-1n, 20.5-Ib channel. 

®. Rectangular Ste! Bar with Long Side Vertical, Th a suspended, 
Hing it is proposed to use 2 by in steel bars, 4 {t or 48 ia long, to 
tater, What is the safc load cach bat will support, if set with the 


From Twble 1, page 346, the J fora 3 by Hin bar Wo290, ¢m 

Trwoaseltm odes. Als fiom Forila, (34 

. Substituting, Myss= 16 000 X 0.250= 4.600. In-lb, 

page 326, Muss= WI/8, and hence, 4.000 =H x 48/5 = 
Eijecolo= 66 tb. 


























10 000 Tb per 54 (a of gross area of cl 
From Pocket Companion, r915 Edition, Carnegie Steel Compazyy, 
See, also, foot-note on page 568, with rmragrapls relating Lo this 
Rene oe ante Hh, wate 

pam 





‘Tables of Safe Louds for Steel Beams and Girders 573. 
't (Contiaued). Maximum Bending Moments and Web-Resistances 






































of T Beams 
‘ ~ Che tee St ° R 
|| Depth | Weight [Thickness Atlowabie|Allowable|Misimur| End- 
of | per of | web- | buckling| end- | reaction 
beam | tinfe | web | shear |resistance) bearing | a=a}4in 
io | fo} th [Perea] in lb 
so | on | ogo) iam) as | rap 
mo | 04 | 838 | sow] 4s | amo 
wo | os | 6) sso) 48 | 5760 
w | wo | ou | x0! ume! sa | exo 
3.0 | o46 | seo) uaw| 54 | goa 
as | os | 42000 | r060| 6, 270 
ms | cass | w600| rots} 6 Wo 
4.0 | 079 | 14920) 16000] 35 | eto 
aso | 06s | Goae| 6120 | 3.7 | stam 
w | wo | cass | asso] ss0| 41 | stare 
as.0 | ogi | stooo| azqro| 50 | angio 
wo | 029 | 2300| mso| 6a | s6ebo 
aso | ogg | 65880) 16870 | | a2 
wo | osm | sta} 260] 34 
’ 3.0 046 | 3650] 3060] 37 
a0 | cay | 26100] r360| 44 
ass | ost | agate] sao] 2.9 
ac | cam | asga| isp) 30 
a | 2s | oa | ws62| isin) 3.9 
wo | o.20,| 260! 1380) 38 
ms | cao | 1680) sae] 45 
a0 | oa | joe) hap! 25 
7 | xs | 039 | amo] ts) 2.7 
0 | oa | so) win) 32 
sas | 04s | 2850) 1680) ax | 9990 
» | uw ea | ars | s60s0| 2.2 | a8as0 
oy cay | iyteo | agate | 2.6 | 16650 
t9 | oat | i900] s6rm| 1,9 | gobo 
wars | oma | 2520] stato] ¢ “x0 
be a2.ag | o.ss7 | 1780 | 16st) 18 ah ES 
gas | eae) x0] use| 21 | rae 
wos | cao | x64) wg) 13 | arg 
os | ox | wa | 600] 14 | 560 
ha ap ts 0.263 ro see | 16380 mA 19 yoo 
75 | om | too) iyo] 16 | 13130 
25 | 096 | tas) ars | no | abpe 
6s | oa | 7M! Ie) 10 | 190% 
ss | on | s100| ts90| tx | tse 




















¥ inccomputed at 10.000 Ih per oq in of prom area of web-section. 

Pocket Companion, s9¢s Edition, Crrmerie Stoo! Company, Pittsburgh, Pa 
0, font-annte oe pure 758, witD suiracranh reletinu to tie table and to Table 
Female on sree £87, relating Co welr-ductling of steel beams. See, also, 
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‘Tables of Safe Loads for Steel Beams and Girders 


“XH (Continued). Safe Uniform Loads in Tons of 2000 Pounds 
for Bethiehem Girder Beams 


Beams secured against yielding sidewive 
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‘Tables of Sale Loads for Steel Beants and Girders 507 


| XIt (Continued). Safe Uniform Loads in Tons of 3600 Bound 
for Bethlohem Girder Beams 




























































‘Beams secured against yielding sidewise 
ian 
a debts | atts 
Io |} each tb 
Smm | Gy |inerense | G8 | incrstee 
Va i | Rae | ae 
weight 
ahi i) xt || oe 
= 
BB) ots 2? 16.88 2 naw ont 
mat} ons |. 13 1338 | 008 | ges | 0.6 . 
wm | om | a | saz | our | to9e | ons 
[2 0.43 | 33.92 | 06 roy | ound 
ws | 012 | 36 126 | oss ery 
wm | on | az trot | ong oz 
| iss | om | ras | ors ot 
Be} wts | on | 9 16.66 | x2 on 
B |} we} ow | x fo.13 | 9.13 auto 
i; tear | a 90s | our 7.36 | 0.0 
|e 96s ca 9.2r ar 6.93 0.9 
\* oP | 3 Bf | 9.10 6.63 | op 
| 56 ey) Ba | 0.10 6x | ok 
jp | se a | 810 | om 6.40 | 08 
Bo * od O09 
45 " 7.3% | 9.09 
1) cd 7a od 
76 | 9 5 | ook 
' Ta | » 6.75 | aor | 
Ade toads given Inchade weight of beim. Maxinnum fiberstress, 16 000 Ib’ per 
" 
Pada given bowe the heavy lino are greater than safe loads for web-crivpline. | 
ipiraemaphs and accompanying foot-note; pape 567, relating to web-buckling 
‘ears 
Mectoads giver below the lower, beoken tines cause deflections exceeding Hes 
span. 
[Efction-numtbers are lven for convenience ia fentification and ordering 


SS 


= 


ee 
tS 


# he's | 
¥ #8 
2 5usne 3S 


e3 
a 


os 
ry 
6a 
s 
65 
00 
$4 
4 


3 


eyabs 


SSbtt cress vtesn ees: 
a 


S884 HEEEE SESS REBEE 
SLE BUsth SkeES SBERE SHEE 


S328 


120 

193. 
ow 
cy 
. 
5 
a 
7 
™ 
n 
%. 
6 
6 
fa 
60 
a. 
». 
St 
S 
a. 
% 
49 
47 
46. 
45 
4 


5a EEERE Sescs Sees G22 


a8 
au 


ete 
es abe 
Be seks 
ae 











eee etbes 


© 








Safe loads given include weight of beam. Maximum fiberstress, 
vain 
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\bles ‘of Safe Loads for Steel Beams and Girders 


{f (Continued). Sate Uniform Loads in Tons of 2002 Pounds 
for Bethlehem 1 Beams 
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Tables of Safe Loads for Stecl Beams and Girders O01 


‘XE (Continetd). Safe Uniform Loads ia Tons of 2009 Pounds 
for Bethlehem I Beams 


Beams secured against yiehting sidewise 
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‘Tables of Safe Loads for Steel Beams and Girdens os 


RIV." Safe Valform Loads in Waits of 1 000 Pounds tor Riveted 
‘Stect-Beam Girders 
‘Maxitoum bending strem, +6 00! Ib per oq in 
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‘Sefe Uniform Loads in Tons of 2 000 Pounds for Riveted 
Steel-Boam Box Girders 
‘wo ao-in steel I beams and two 16 by J4-in steel plates 
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‘Tables of Safe Loads for Steel Beams and Girders 009 


‘KY (Continued). Safe Uniform Loads in Tons of 2e00 Pounds 
for Rivetod Steel-Beam Box Girders 
Two 1yin steel J beams and two r4 by }f-in steel plates 
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XV (Continued), Safe Unitorm Loads in Toms of 2000 Pounds 
for Riveted Stocl-Beam Box Girders 
‘Two 10-in steel I Beams and two ta by }4-in steel plates 
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FRAMING. 
DETAILS OF FRAMING BETWEEN COLUMNS bs| 
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PLAN OF ABOVE WITH UPPKN FLANGES REWOVED ELEVATION SHOWING THE 
CONNECTIONS FOR BEAMS AND GIRDERS , 
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Fig. 12, Framing of Steel I Beams and Ginders: 
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ming and Connecting Steel Beams and Girders 








Pig. 13, Framing to Riveted Plate Girdee 
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Frarning and Connecting Steel Beams and Girders ou 
Table XVIL* Connections for Steet Beams 








B Lads dx34% 10" 
Welght 9 1b 


207 18715" 








ls tx x4’ 124" 2 Lat x dxhiex Og" 
Weight 1b Welght 231 
| 32" 10; 97 8" 








Blast x Fxigxo'sg BLO ode 4x 05g" 
Welght 37 lb Welght 13 1b 
7 6; 5" ays" 
is] ES 
2 LaG'x tx 4'x0'3" Bis Ox Cx Hix 02" 
Weight 7b Welwuts tb 





Rivets und bolts %4\ 
Weights given arefor¥ shop 'rivets and angle-connectidi& about 
9 per cent should be addled for fleld-rivets or bolts 


free Packer Cumpawiin, 919 Editive, Cernesie Stecl Company, Pittsburgh, Pa, 
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SRaKeRRRSeE 


SETBRRBE SITE EESES 





fa 
a SS SEER HR! 
sedgidaaaial 


Rivets 

Rivets and tur 
bolts. 

Rowgh tlt. 


ing. 
igured Ios, bearing 998 she: Cio Soe 
‘The above values agree with tests made on beams: 


enclosed between ‘eney nt 
of the incremsed efficlenay 
pec used when sa 
above sure exceeded, ax when an end-reaction fom 
the valuo of the connection of the sec 
[ thickness of web when maximam allowable reactions ame wed 4 








Tie-Rods and Anchors for Steel Beams and Girders 619 


KEX.* Lengths and Weights of Tie-Rods and Anchors for Steel 
Beams 
AMERICAN BRIDGE COMPANY STANDARD 





Leene 


tow of 
‘eats 





‘-INCH TIE-RODS 


‘4x0 Wetours rox Vasious Disraycs Cexter 10 Center or Ieaws 
































Weights include two nuts 
h | Wet \|Ctoc! bth | Wet |croc Lith | Wet |e toC| Lith | Wet 
a} i> |e in| min] mw |) fo} tein! to | ta} in 1b 
siege la al2 6/267) 16) 1 9| 305|) r 9) 2 0] aaa 
3)3% 23/2 6)an||2 6) 2 9) ass ))2 9) 0) se 
B)ep lls 3/3 gs 13 § 39) ée | 35 40) ba 
3 a a]4 6loe7 | 6] 40) 735l]4 0) 5 0] 792 
3)8p $3 rs B67 || 3 6) 5 9) 9.05 || 5 9/6 0} oar 
3) 98 3) 6-60.17 | 6 6) 6.9.)x0.55,1) 6 9) 70.0) no.be 
Shep iz 3) z blue |iz 6] 7 oise|7 9/8 owe 
Bf |e 3/8 sion ||s 6) 8 9 juss) top) e | ae 
For strength of rods, see Table TI, page 388. 
Anchors * 
Swence-Bour 


cCoas 


‘Weight includes nut 
Bort-Ix Awcnor-Bours 











S¢in vod, xt gin long. Wey 31 
ANGut-ANerton: 











torte center of anchors is leas than Two angles, 6 by 4 by He by al in 
Washer, ase weaher with two holes Weight with 4-in bolts, 7 1b 


Fing-plates, buses, ete, see Chapter X17. 
tocket Cosnssthes, 1325 Lisition, Cxrnesie Steel Company, Pittsburgh, Pa, 














Fig. 1. | Cross-section of Cast- 
‘iran Lintel of Ideal Form, 










result of bis experiments, Hodgkinson gave the following: 
‘weight at the middle fora cast-iron beam of this form’ 
(™ <= e *( depets x 
in square inches io inches 
yom ‘lear spa ta feet 


‘This rule, although largely empirical, agreed very well with the} 
ments that were made. Structural enuinecrs, however, 

las for the strength of beams, as given in Chapter XY, 
moputus is found by dividing the Mommy OF DRRREEA by. 
outzal axis from the bottom of tlye tram wav, Abe 


——iC—™ 


Strength of Cast-Iron Beams. If made with these 
of the top flange will be equal to one-third that-of 











Cast-Iron Lintels 621 


LEXURE-YORMUEA- Thus the general formula for a beam supported 
and with the load uniformly distributed, as given in Chapter XV, 


in pounds = 25 45 





* St As Se, the safe tensile strength for cast 


de taken at s 000 Ib, this formula becomes 
Safe toad fn pounds = 2220 4/e 





) 


ef section given below, 
Moment of inortia 














Nr ow mxeRTtA is computed by the formula (sce page 355) 
7a bea ye 





G) 


ry 


{enotes the combined thickness of the webs, and the distances d, 
‘@ measured from the NEUTRAL Axis, which must pass through the 
imaviry of the rection. The otnter of gravity may be found by the 
lained in Chapter VI. This formuls may be used for any of the 
fhe when the depth does not exceed the width, nnd the thicknoss of 
be leaet equal to tho thickness of the flange. Ln Hntels with a single 
dt to make the thickness 

\ or Wein greater than x. 
te of the flange. For a 
@ crosesectifin like that 
ig. Ay Formula (2) agrees 
‘with Formula (1), when 
talety of six is used. 

‘The Le sa example r 
he application of Formula + i See Xi 
{fered vo compute the safe" Coarrne Sh Gate Patel 
fastiron lintel having the 
eo in Fig. 2 and « clear span of ro ft. The load is Gniformly dis 
d the thickness of the metal r in. 

‘The first step Is the finding of distance d, that the canter of geavity 
ich the neutral axis of the cross-section passes, is below the top 
\e beam. This is found by tuking the moments of the of the 
of webs aod flange about the line X¥, and dividing their sum by 
the entice section. (See page 294.) Esch wob-section is rt in 

hithick; bence the area of each is xx sq in, Tho womenTs OF THE 
pbout AY will then be 3X 11% slo 80.5 
x ov THE WeANox about Xi = 28X 1135. 322 

PIS 





i 






E 








$03.5 + 61 = Ras ~d is 
‘Then d = Sas in 
4 


= 3X S615 + 28% 


3 
1/c~ 880/3.75. From Formula (2) the safe load = (3 650° 
Tb, oF 25.4 tons. 
Ends and 


Fig. 8 Cast-iron Lintel with Tapering Web 


web may be tapered towards the ends, as in Fig. 3, without afl 
‘Mf the flange is more than 8 ia wide, brackets should be cast ia! 
A, Fig. 3. 

When contorvous LinteLs are used over storefromts or 
ends should be cast on the lintels, as in Fig. 4, and the ends of 


Fig. 4. Cast-iron Lintel with Ends for Bolting 


“sesh cary All lintels with two or three webs should hawe solid en 
Seep Strength of Cast-Iron Lintels. Tho tables on the a 
Pages have been computed in accordance with Formula (2). 
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‘Cast-Iron Lintels 
1 (Continued), Safe Distributed Loads in Tons for Cast-Iron Lintels 




















Lorene oF (aa | = » Saares 
—} 
ne 
include weights of lintels. Maximuns tensile stress 3 000 lb per 2q in. Bee 
» tages 6x2 and 623. 
Fweietal Span in feet 
per | C, 
metal.) foot, | tons 
in || tb s|6]7]e]o}r} a) 
x“ $2.7 | 307 | 634] 5.28 | 4.53 | 3.96 | 3.52 | 3.07 | 2.88 | 2.04 
: 8 | 37.6 | 7,52 16.26 | 5.37 | 4.70 | 4.8 | 3.76 | 3.48 | 3.03 
#4 | Bool 45.0) 8.60] 7.161 6.44) 5.37 | 4.77 | 4.30] 3.08 | 38 
36 | 63. | 49.5 | 9.90) 8.25 | 7.07 | 6.19 | $199] 495 | 4.90 | 492 
r B13 | 60.9 [32.18 [10.15 | 8.70 | 7.6r | 6.76 | 6.09 | 5-55 | Sor 
HSE | 99-6 | 69.9 [45.08 [11.65 | 9.98 | 8.73 | 7,76 | 6.99 | 6.28) 5.t2 
M | spa) ass] r10) 5.9 | $07 | 44s | 205 | ass | 322 | 396 
x 75.8 | 43.0 | B.40| 7.00 | 6.00 | 5.25 | 4.66 | 4.20 | 3.82 | 3.50 
TH | 91.8 | 4.0] 9.60 3.00] 6.85 | 6.00 | 5,23 | 4.80 | 4.36] 4.00 
| 68) 55.4 [13.08 | 9.23 6.92 | 6.15 | 5.54 | 5.03 | 4.60 
x 7.3 | x | 13.62 [1.35 8.3¢ | 7.56 | 6m | 6.19 | 5.67 
WM | rep. | 78.8 [35.76 [t3.13 87s | 7-88 | 7.16 | 6.56 
M | Gx) wt] rae | 6.58 4.38 | 3.91 | 3.55 | 3.25 
: 81.3 | 46,8 | 9.26 | 7.80 3.20 | 4.68 | 4.23 | 3.99 
tH | 6) 529 {1058 | 8.81 5.88 | 5.29 | 4.61 | 4.40 
M | os | Ora |a2.28 |to.2r 62 |6u| 58] 5 
x 99.8 | 74.6 [34.92 [12-43 8.29 | 7.46 | 6.76 | 6.21 
M4 | aus. | $6.8 }x7.36 [14.46 9.68 | 8.68 | 7.89 | 7.23 
4 | ores | ara] o1as | 7.86 5.24] 4.72 | 499 | 3.99 
e | 938] 55.4 [3802 | 9.28 6.12 | s.st | s.or | 4.99 
34 | 5.2 | 63.6 |13.40 |10.25 6.88 | 6.20 | 5.63 | 5.16 
M | 80.8 | 72.6 |14.52 |12,10 [20,37 | 9.07 | 8,06 | 7.26 | 6.60 | 6.05 
© | 106.3} B's |t7.90 [tage [ta.78 eas | 9.94 | 8.95 | 8.3 | 745 
3H | 19048 fr00ig [20.50 fr7.08 [x46 Jt2.8x jrt-m9 fa0.35 | 9.3" | 8.54 
MH | 90.2 }109,5 20.20 |26.75 |14.a5 |s2.56 [14.16 |x0-65 | 9.13 | 827 
| 806.8 |t25.4 |25.08 |20.90 |r7.98 [15.67 {13.99 [rz.s4 |t1.40 [10.45 
TH | 046.5 [146.8 [99.95 [24.46 |90,97 [rH a5 [26,31 [14.08 [13.34 [17.93 
M4 | 99.6 |99.6 }a4.52 |a0.43 |27,st |x5.32 |x5.62 |t2-26 [31.14 |10.21 
E | kang [uso | sr, 60 | 26.59 J23,57 [29.75 [27.55 [15.80 [14.96 |13.16 
BY | 6a | 189.5 [57.90 [30.58 [27.07 [5.68 [2.05 [18.95 \17.22 [15.79 
Me | 9e2 | 83.4 [16.68 |ty.90 fer.gt [0.42 | 9.26 | 8.38 | 7.58 | 6.95 
| #18.8 [103.4 | 20.48 [17.06 |14.63 |12.80 11.37 ]30.28 } 9.8 | 8.53 
1M} tats }07.0 }ap.g0 frp. s0 /16 71/4. 02 [12.00 [11,70 /r0.63 | 9.98 
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38, Stresses, Buckling and Deflection of Wooden Beams 627 
(Continued). Safe Distributed Loads in Tons for Cast-Lion Lintels 








| 





nchode weights of lintels. Maximum tensile stress 3.000 Ib per sq im. See 
pages doz and 623, 











“hick. |Weigte ‘Span in feet 
(esa of | ,c = se 
petal, tons T ] 
in, 3} 8 ).7 | 8 | 9 | x0] om | oe 
ry tt 0 3246) 18.66) 16.00) 14.00] t2.44) 14.20) 10.18) 9.25 
x 399-7) 27.94) 28.38) 19.95) 17-46] t5.52) 13-97] 13.70} 44.64 
4 163.5) 32.70) 27.25] 23.85) 20.43] 1.16) 16,5) 14.86] 43.63 
“ F260 | 146.7) 20.34) 26-45] 20.95) 18.33] 16.90) 14.67) 03,33) 12,22 
8, 


I 165.6 | 184.8) 36.95) 30 80] 26.40) 23.10] 20.53] 28.48) 26.80) 18 40 
2H | 204. | 218.4] 48.76] 96.46] 31,5] 27.25] 26.31 21.8) 19,89) 3.24 


M | wa FR 14.98] t5.31] 13.12] 11.49).10.21) 9.29) Bas) 7.66) 
vr | 140.6 | 112.8) 4 18.86) 16.14) 44.10 12,58 11,38) 16.35) 9.40) 
aM | 72.6 130.2 26,04) 21,70) W857) 16.27) K4.47) 15,09) 1AM tod 


$4 | t2r.3 | 127-8 25.56] 21.30) 16.25) 15.99] 24.20) x2.78) 14,64) 10,45) 
x | 459.4 | 159.5 3t 99] 26 s5| 22-78) 19.94) 17 72 HS 9S M4 SO a3. 90, 
aM | 196.5 | a8s.6) 96.72] 30.60) 25.23] 22.95] 20.40 1B Yh 16. 45.30) 


MH | 135.3 | 166.6) 33.32) 27-26] 23.8) 30.84) 18.51] 16.66] 5.14] 48-88) 
209 5) 41.85) 44.48] 29.90) 26.26] 33.5) 20.93) £9.02) 97,44 
1) 





a | 19.7 a 4x.28| 38.29) 30.96] 27.53) 24.77) 22-51] 0.04 
BM | x05 | t4t4) 38.26) 29.57] 27.67) 18.73) 44-24] 12.85) 23.78 
$724) 35.48) 29,57] Ba 33.37) 19.71) 17-74] 16.1) 24,78 
B03) 39. mination 20.76| 16.89) 37.38: 

! 


° 


aM Sy ai 6 ag 
1 18.66) 36.91) 45,99] 


Mo | 444.7 | 186.0) 9.20) at.00) 4.57] 23,25} 20.09 
+ | 190.6 | ayi.6! 46.92) 39.10 as st] 39.32] 26.06] 23.46] a1 32] 29.55 
a} | 285.3 | 277-9) $5.58) 46.38] 39.70] 34.74) 30.88) 27.79] as.26| 23.26 


























‘tions, Stresses, Buckling and Deflection of Wooden Beams 


ns and Fiber-Stresses. The cross-sections of wooden beams are 
wariably SQUARE or RECTANGULAR, and those shapes only are considered 
owing rules and formulas. Beams should have such a cross-section, 
maximum fiber-stress due to transverse bending, the maximum hori- 
ear and the compression across the grain at the end-bearings, do not 
(© AVERAGE ALLOWABLE UsIT sTerssrs as set forth in Table XVI, page 


fag. Beams should be braced laterally to prevent mocKLinG when 
tof length to breadth exceeds twenty, or designed with a reduced fiber- 
m that allowable, where this rat excecded. ‘The PERCENTAGE OF 
® should be 2s follows: 











Pepensorpy irre pey yrts 
is generally taken at Yo of aa inch per foot of 


Value of the Constant, A. The letter A in the 


(16), denotes the sure Loan for a uxtr neasr, x in square in section & 
span, loaded at the middle of the span. This is also 
ALLOWABLE ribksesTRess in pounds 


ay 
e 
ah 
& 
“ 
“ 
x 
“4 
#6 


* Por safe allowable working unit stresses for woods; see Table, 
Giz. Prom these values, A tnay be determiond by dividing thers by igh 
Table XVU. page 648, for other steexses for taken from various bail 
‘See Tables XVIII and XIX, papos 690 and ube the inde wena 


woods. 
{ New York, Cincinnati, District of Colambla aad the Board of i 
writers use identical values. 





4 


| Flexural Strength of Wooden Beans 020 


" 4 Flexural Strength of Wooden Beams 
bm-Modulus. For beams with « rectangular croa-section, the forusulis 
tgth can be simplified by substituting for the secnox-wopunes its 
‘bd, where b & the breadth and ¢ the depth of the section. 
tuting this value in the general formulas for beams with rectangular 
tions and of any material, the following formulas result: 
Fixed at One End and Loaded at the Other (Fig. 5). 
breadth x square of depth x 4° 








Se de 4X length in foot @ 
a toad x length in feet 
Breadth, in aches, = 42% Wead2¢lenath inet ‘ 





& Cantilever Ream. Load Fig. 6. Cantilever Beam. Distrib 
‘ear Free End uted Load over Entire Span 


s Fixed at One End and Loaded with « Uniformly Distributed Lond 





‘Safe load, in pounds + ~ ascicieth bu iest (6) 
snches = 2% loud x length in fet 
—— ‘square of depth x A* o 
Pp 





Fig. 7. Simple Beam. Load at Middle of Span 
‘Supported at Both Ends and Loaded at the Middle (Fig. 7). 


ats at __ breaidth x square of depth x A 
ho cota spat in feet 


span in fet x oad 
Brn Ha ches ara ol depth x47 ®) 


* Fer rater at 4, sce ables L aoed IL, 








a 


Fig. 8 Simple Beam. Distributed over Entire Span A 
* 2X breadth X square of | 






Breadth, in inches = 






Beams Supported 
‘Load Over Only # Portion of the Span (Fig. 9). 


Tn this case the dimensions of oes beam, prem to carry the: 
accurately determined only by computing the MAXtMKint 
aplalned in Chapter EX, and substituting the value thus found 
following. If, however, the Jength h is very short in 
load may be considered as concestraateD at the middle of 
breadth of the beam may be found by Formula (3). Fornay 
the load is at one side of the middle, ‘The error will be on the: 

Beams Supported at Both Ends and Loaded with 
st the Middle of the Span (Pig. 


|, Simple eam, Concentrated Load at Any Point 


Sale load, in pounds = bretdthX stuare of depth >< spam x At 


4XmX 





eaten | 
Bread, tm inches ace ch Se A RK AS 
© Ven veto A A owe CHT MN 


ne 7, bees JENS 


“at each point axm 
Xload at one point Xm 
fesdth, fo foches = doth xa tes) 


f the last two cases the lengths denoted by m and m should be it 
| spans are in fect, 


piton'ef Forasulas'tor, Fexuril Strength of Wooden Besai 


“x. What load 6 ft oat fom the 8 by itn long tat 
Bisa ost tied coe onl Inkohcky wallets Wi 


| "The safe odin pounds (Forma 4) = SSF «4 sop ty 
2. It is desired to suspend two loads of 10 000 Ib each, 4 ft frum 
sn oak beam, 2011 long. What should be the sot of the beam? 
et See ‘Then (For- 


4X to00X 4 
Ke Sees age, seh 
“therefore, should be ro by 16 in in cross-section. 
(Gs Brera Loads, Tt is required, next, to determine the size of & 
th is supported at both ends, and which will safely support several 
td loads, or @ distributed load and one or concentrated loarls, 








‘Thus, a concentrated load of goo Ib, 
support, will result in the same 
load of goo X 14, oF 1 000 Th. ‘ 
“The above method fer Aeleg See anes 0 Danas 0 
Joads gives a larger beam than the 


Fig. 12. Ginter with Three Concene 
trated Loads 


longleaf yellow pine. The weight of the 

Th Each of the beams A, B and C, impose 
romeo the tank acd is conbenta ine 
si 


Solution. The roof-load may be considered to be 
‘The load from beam, A, is applied at one-third the span 
from B, five-twelfths the span from the other end: and 
sixth the span. ‘The fraction five-twelfths is the mein of © 
hence the foad from 8 should be multiplied by 
centrated loads by their proper factors, the equiv 
to be as follows: 


Roof-load, distributed, 

Lead from at, 3 000% 1.78 
Load from B, 500 189 
Lewd doom C, yoo My, 








ne 
i —— or So 


‘ef spruce to tension (see Table XVI, ae 67) 80 pet 





equivalent co sy xen section. 
a by ofan sos re eanpeng is 


Sensis” Huho tobenm lee ln. tay y 50 as to 

EieapenCnrmn ise dimensions must be 

of white. it 
SES ere arrlgtely esti arn 
the size of the beam? Ye 

in for the depth, the breadth for the transverse load 

SN pa as a yon 

= 2X 196X359 isa ety ot 





‘The Strongest Beam Cut From a 
Reeadth ls tocte eed os A 
can be found graphically, as shown 


‘Tameter ofthe etal section of the 
Hence, to find the safe oad for a cy ind 





istance does 
should have a bearing of 4 in, oF if itis very long, 6 in. 
The Weight of the Beam Iteclt. The formulas gives fort 


beams do 
rence: the 














bles for Strength and Stiffness of Wooden Beams 637 


€ are generally %4 in scant, up to 4 in in breadth, abowe which they 
fat; while in depth they are all generally ¥4 in less than the nominal 
fe loads may be obtained by multiplying tho safe loads for the 
(pce set ena alts VIF to XV te tee 


WL. Conversion Factors for Actual Sizes of Wooden Beams 








Cross-sections Crosesections 
of beamsin | Factors || offbeamsin | Factors 

inches inches 

aMxshi 147 xn 16e 
2M xsts aa Ax a5) 
1 X64 1st Dx 1.63 
2 x64 2.5¢ xh 2.56 
rMxqi4 st Wx 1.65 
zu x7i4 2.40 aM xIst4 25 
rots 1g mix 16s 
2M xobe 24h eux 26 





8 What is the safe load for a 2% by r3¥4-in spruce beam, with 
wn? 

Prom Table VIE, the safe load for a t by r4-in beam is 847 Ib, 
this by we have 2178 Ib as the safe distributed load for « 
13% in in cross-section. For a full 3 by x4-in cross-section, the 
bul be 2 541 Ib. 

Seams. The above formulas may be used for rectangular stone 
fh the proper coefficients, recommended in Table III, page 628, are 
Sandstone beams should never be subjected to any heavy loads and 
batels should be relieved by steel beams or by brick arches over them 
them. ! 

Beams are generally reinforced with steel rods, but when used 
pforcement, the coefficient, A, given in Table III, is recommended, 
Tables VII to XV. The safe loads given in Tables VIE toXV 
flor the fiber-stresses indicated; but for greater convenience in using 
pach figure in the units-place of each value may be made a cipher, 
pure in the tens-place may be increased by one when the unit-figure 
later. Thus, s05 would be seo, $06 would be $10, etc. 
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hes for Strength and Stiffacs: of Wooden Beams 639. 


Bafe Distributed Loads in Pounds for Rectangular Wooden Beams 


led foe White Pine, Spruce and Raxtern Pir. Maximum Fiber- 
S = 700 tb per sq in. E* = 1000 0001b per aq in. A = 39 


‘The first horizantal line gives the depth of the beam in inches ] 
he loads are for beams one inch wide and supported at both ends 
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ay ee ee etn fr B= 1 200 220 could nately be used, 
lenacls those given ts Table XI. See, aloo, foot-note with Table Vie 























Fiber-Stress, 





for Strength and Stiffness of Wooden Beams ol 


Safe Distributed Leads in Pounds for Rectangular Wooden Beams 
for Douglas Pir, Norway Pine, Cypress and Chestnut. 
Ss Boo tb per 59 in, B= 900 000 Ib per sq in A= 44 








‘The first. hocisontal tine gives the depth of the beam in inches 
‘The loads are for beams one inch wide and supported at both ends 
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‘Tables for Strength and Stiffness of Wooden Beams ! 643 


‘Safe Distributed Loads in Pounds for Rectangular Wooden Beas 


for White Onl and Long-Leat Yellow Pine.* Maximum Fiber= 
S= 1 200 Ib per aq in. B= 1 500 000 Ib per aq in. A =66.7 


‘The first horiaontal line gives the depth of the beam in inches 



























































The loads are for beams one inch wide and supported at both ends 
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above the heavy, black signag lines are calewtated for resistance’ 














‘Tables for Strength and Stiffness of Wooden Beams 645 


F. Safe Distributed Loads in Pounds for Rectangular Wooden Beams 
‘Maximum Piber-Stress, S= 2 500 tb per oq in. Am By 





‘The first horizontal line gives the depth of the bear in inches 
‘The loads are for beams one inch wide and supported at both ends 
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(adie above the heavy, black sizag lines are calculated for resistance to shear. 
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‘Stresses for Woods, Taken from Building Laws 647 


8. Working Unit Stresses for Woods 

forking Unit Stresses for different woods are given in Table XVI. 
compiled sod adapted largely from recommended. UNIT stRxssxs 
|by the Association of Railway Superintendents of Bridges and Build- 
Eeetsesion Railway Engincering Association. (See, aleo, Table I, 


XVI. Safe Working * Unit Stresses for Different Woods, in Pounds 
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‘Tens ‘Compression Bendingt || Shearing? 
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the | the | send: Jumns §| *H* | fiber. | Héstl:) the | the 
wmin| grain wens #) grain | ttvens | citys | rain grain 
ag le coo) 
ing Ss 
Alarms 
Ten | Ten | Pive| Five | Pour | Six | One | Four] Four 





00 | 14oo| 1000] sco | 1300! 1500] aco) 1000 
g2,|x100) seo| 200 | yoo] teem} 100} goo 
60 





r4c0| 1000 | 350 | ra0>| x50] 10 | 3 950 
r200| 00] 300 | Boo! 1500] 130] 900 
wo 
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Beet F 8 FB as 


go |r100| Boo! aso | reo | 1900] “to | # 


ome] 730|/ 200 | foo | treo | sas | 750 
gso"| 1200} 900} 200 | yoo} 1200] 100] 750 
4100) feo} 1go | Gea} goo| 100] Goo 
xen! 730| 200 | feo] goo] 125 ¥ 
awo! 750] 200 | oo} 700] 100] 400 


foo | 230 | f00| roca] 150] 500 








geo| 800] 150 | 750) 700] 95 

: —! 
avernge ultimate breaking unit stresses may be obtained by multiplying 
ting unit stremes by the factors of safety at the top of the tablecolumns, 
aloo, Table I, page $37. 

teand soeme other stresses In the table are higher than those of the building 

nany cities, larger factors of safety being used in those elties. 

largee end-bearing stresses aro frequently used for ahort columns and for 

lormulas. (See Table I,page 2138.) Lower factors of eafety will give bighee 
































orking Unit Stresses for Woods. Taken from Building Laws 


Allowable Working Unit Stresses for different woods, taken from 
Kllag laws of four cities, are given in Table XVII. ‘The UNIt SruessE8 
FENSION, COMPRESSION, BENDING and SIIEAR. 
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Pine (white)....... 


Pine (red), icra 
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Pine cag (long: 
Teal)... “ 


Pine (yellow), eae 
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panes fir (Oregon 

















* The higher values of tensile and compressive strengths 
or containing from #9 to 15% of water: Roe mabe 
Table 1, page 957 





Ultimate Unit Stresses for Woods 


‘Gol 


KIX." Average Ultimate Unit Stresson for the Drosd-Leared of 
Hardwoods, in Pounds per Square inch 
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ve st ahs are for “ dey ~ or 
mater, Por safe Aberstresses for 


WS" timber enmtainiae from 20 f0 15% of water. 
We Tate Le see 557. 








idvocates this as one of the best forms of compound beamé, And 





"Fig A. Single Form ot Compound Woolen eam ; 


eae tr geben 


| spati to depth was as Tye rae er ie Rola et rei 
much variation, of 


ie the nails ee ae Shonen eeerinsia rect thereby 
fe eee When built with 
bards 234 in thick, nailed with tenpenny nails, as in Fig. 2 the 
faexommt of such a beam may be tien at Gs% of the ten 
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Flitched Beams or Flitch-Plate Ginters 658 


t lest than the minimum spacing, the safe load should be cor- 
edluced or the thickness of the beam increased, 

+ Uniformly Loaded, the first four or five keys from the end 
sed for minimum spacing, and the spacing of the remaining keys 
ied the point ¥. When the ratio of depth to span is greater than 
inert key may be a little more than one-cighth the apan from the 
1 distributed learts. Fig. 3 shows the proper spacing for a 20-in 
of z(t span and for a long-leaf yellow pine beam of go-lt span; 
iation below gives the proper spacing of keys for spruce beams of 





1B PLAN OF 14° X 24" SPRUCE BEAM—36' SPAN 
Fig. 4. Details of Keyed and Bolted Wooden Beam 


figured from the end of the beam in each case. For other woods 
1 Spacing should be made as near like these as the fixed condi- 
mit. Four examples of spacing are given below. The sizes of 
thers to be used are given in Table I. If the beam is not over 
b bolts may be arranged as for the spruce beam (Fig. 4); if 12 in 
the bolts should be staggered as shown for the hard-pine beam. 
e-beam the bolts might be spaced as in detail B, Fig. 4. 

teys in inches for spruce beams, commencing at end, for uniformly 
ads: 

theam, soft span, ro, 12, 12, 16, 19, 24) 32 

Pheam, seftspan, 10, 1744 104, 1144) 0a, 12, 12, 73, 15-98) 25 

t beam, s6-(t span, 13,15, 15, 15, 15, 16, 18, 20, 59 

pheam, s6-(t span, 65.27, 87, 47) APE ATED ET. A717 


%. Flitched Beams or Flitch-Plate Girders 


fe Beams (Fig. 5) were at one time much used, but with the 
of steel it is cheaper and better to use steel beams. 

ng explanation and formulas are given, however, for the benefit 
might have occasion to use a beam of this kind. It has been 
tee that the thickness of the wood should be sixteen times the 
peste ce the steel is 10 such srirres than the wood, we must 

















‘Truswed Bears and Girders | oor 


imatances and in some parts of the country it may he cheaper or 
inient to use large wooden girder, and truss it, asia Figs. 6, 7, Sor 9, 
M Trassed Girder. For all these forms it is desirable to give the 
much depth as the conditions allow; as, the deeper the girder, the 
stresses in the pieces. 
fingle-Steut Trussed Girder, we cithor have two beams, and one 
jrans up between them at the ends, or three beams, and two rods 
‘between the beams in the same way. The beams should be in one 
Jength. for the whole span, if they can be obtained in that length, 
te dimensions of the tie-rod, struts and beams, in any given case, 
termined by first finding the stresses developed in these pieces, and 
teas of cross-sections required to resist those stresses. 
ingle-Strut Truss (Fig. 6), the stresses in the pieces may be deter- 
jhe following formulas: 








Fig. @ ‘Trussed Wooden Girder, One Vertical Strut 


W ., leagth of T 


Tewionin? = Uy RUS o 

Compresion In C = % fs (See Note.) ®) 
sos in pe. Wy Hensth of B 

Compressionta' BD > X jengib of @ 


Then the beam B is in one plece, the full length'of span. If 5 is 
the strut then compression in C or tension in R = ¥ W 


incentrated Load P Over C (Fig. 6) 





Tension in T= £ y Heneth ® 
Tength 

Compression in C » P 
lent of B 

Compression in B = © x (sto A ©) 


(ete amet ic a’ ise eds 'W Over the 
le 


Céamprestin to SE yg lane ofS. (8) 
* Tength of R 
Tension in R ne (See Note) 





- W. length of B (ny 
Tensionis B= 2 icngth of R 

Vien the'beam Bis in one piece, the full Jength of spam If B is 

theatres chen eccpreiion iy C or tension ia R= 45 W 





For « Double-Strut Trussod Beam (Fig. 8) with a D 
the Whole Girder (Beam B Divided lato Three Equal Spam) 





Fig. 8, ‘Trused Wooden Ginder. ‘Two Vertical Strats 


aioe? = Maia 











Compression in Cx © 







For a Concentrated Load P Over Each of the Struts € (Pig. #) 


Tension in T = PXe nae 


Compresaion laC = P 















Compression in a tension in D =P nee | 
For & Girder Trussed as in Pig. ®, and Under a Distributed 
the Whole Girder (Beam 8 Divided into Three Equal Spans) 


tength of 3 
* fength of R 





Compression in $ = = 
me 
3 

En w 
Tension in 8 or compression in D == 


Tension in R = 


‘Trussed Beams and Girders 659 


tteated Loads P Applied at Joints 2 and 3 (Pig. 9) 
2 3 


Fig. © Trussed Wooden Ginter, Two Vertical Ties 
length of S 


Compression in $= Px oe otk (20) 
TonsioninR =P 

Z length of B 
“Tension in 8 o¢ compression in D = P x EE ore cn) 


structed as shown in Figs. 8 and 9 should be divided so that the 

te struts C, will divide the lengths of the girder into three equal or 
parts. The lengths of the pieces 7, C, B, R, S, etc. should be 

{ Tie AXcAL Loves of the pieces. Thus, the rength of X should be 

jen the CENTER LINE O% Axis of the tic-beam B to the CENTER LINE 

be strut D; and the length of C should be measured from the axis 

+ the axis of the strut-beam 5. 

mining the stresses in the picces by these formulas, we may com- 

as of the cross-sections by the following rules: 

compression in strut 

Se 

for cast iron may he taken at from 13 000 or 14 000 Ib per sq in, 

4a given in Table XVI, page G47, 

of the long strut D (Fig. 9) should be determined by means of 

ind 452 for wooden columns, Chapter XIV. 

thers of the tierods may be obtained from Table 11, page 388. 

‘am B (Figs. 8 and 9) when the load is distributed, we must compute 
area of cross-section as a steur (Fig. 8) or a sie (Fig. 9), and also 

its cross-section, as a MEAM, required to support Its load, and use 
@ section equal to the sum of the two sections thus obtained. 

tof cross-section of B to resist ) _ tension compression 


(a2) 


2 of cross-section of a short strut = 


sion of compression Spam ees a ah Oe 
4 shown In Figs. 6 and 7, with distefbuted loads, 
wx 
Breath of B (as » beam) = — Gy) 
ta shows in Figs. 8 and 9, with distributed loads, 
Wx « 
Breadth of B (as a beam) = 5 s) 


Equation (24) and (25) with Equation (11), page 630.) 


# the total distributed load in pounds on the girder, and ! the Tength 
te section of the beam. When the loads are concentrated over the 
& 8) or at the fosiots #” (Pig: @) then there will be 00 TRANSVERSE 


Ht 
au 


eehiiis 





‘Trusted Beams and Girders 601 


At is required to support a Moor over a lecture-room 40 ft wide, 
jrussed girders; and as the room above is to be used for electrical 
| desired to have a truss with Tittle from In ft.” Tt ts decided, 
sea truss such as Is shown In 


Where the girders rest on the wall, there will be brick pilasters 
‘ection of 6 in, which will make the span of the truss so ft, and 
‘will be placed’ so as to divide the tie- 
for equal spans of 15 ft cach. The tle- 
beam F will consist of two 

Tong-leaf yellow pine beams, 

i with the struts S coming 
Ss between them. There are 
two rads instead of one, at 

RR, comingdownoneach side 

of the struts S, and passing 

through iron castings below 

the beams B, and for 

supports for them, ‘The 

height of the truss from 

Y —— canler to center of timbers 
must be limited to 18 in. 


from Strut Fhe trumes are 8 ft on Fit 11s, Wooden Steut for 


Senden) ene ‘Two Tie-tods 


oer-area supported by one girder is § by 39 ft, or srz eq ft. The 

to which the oor will be subjected is the weight of the people 
foe which 75 1b per sq ft is an ample allowance; and the weight 
Self is about 100.1b per aq ft. This makes the total weight Hable 
fhe ginder 41 200 Ib. 














jession in S; feom Formula (18) » © x isle $199,900 1b, 
wv 





fp im one pair of reels = 16 400 lb 
. 6 it 
min B or compression in D = 1° 4 90 130 Ib 
3 a8in 

ported length of D is greater than that of S, a beam that will 
pression in D will be ample for S. We find from Table 11, Chap- 
it will require a post 10 by 12 in in cross-section to resist the com- 
which is 13 ft in length, ‘The tension in each rod is only § 200 Ibs; 
dds must support a unger washer at the bottom, they are made 
ter, not upset. The tension in each of the beams B ix 45 065 Ib. 
bby 1 209; the safe unit tensional stress for long-leaf yellow pine 
or about 2% by 14 in. 
rendth of the the-beam to resist the transverse load is found from 

Assuming 24 in for the depth of 8 

3t 209 XK 14 

6 X 196 x 67 
{of each tie-beam must therefore be 26 in+ 244 in= sit in, 
(beams must be 5 by 14 in in section. The girder, therefore, must 
x0 by rain strut-beams and two s by 14-in tie-beams each 42 ft 
inods maybe eu #4 ia inte the strut-beun's, and 14 ia iato the tie- 














as 





™ 5.15 in, or about 2!4 in for each beam 
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General Principles of the Deflection of Beams 663 


CHAPTER XVII 


TFFNESS AND DEFLECTION OF BEAMS 


By 
CHARLES P, WARREN: 
TANT PROFESSOR OF AMCIITECTURE, COLUMBEA UNIVERSITY 


General Principles of the Deflection of Beams* 


tnd Stiffness. In many structures It is necessary that bears and 
be not only stron enough but srurr enough; that is, not only 
i be prevented, but the beams must not exp so much as to ap- 
y, oF to crack the ceiling. Therefore, in many cases, DEFLECTION, 
absolute steKsorn, may become the governing consideration in 
the size of « beam, Unfortunately, there is no method at present 
the two calculations for snucworw and for srurrNess in one, A 
ly proportioned for stxeneru will not bend enough to stress the 
{ the ftasric iiwrr, but it may in some caSes bend more than a 
‘or appearances will justify. The distance that a beam bends 
4 load is called its pErLection, and its resistance to deflection is 
ess. 
{ Formula for the Maximum Deflection of any beam under a 
‘or uniformly distributed load not stressed beyond the #LAstiC 


Toad in pounds x cube of span in inches x ¢ 


[chic codon of elaatiliy X monment of Inertia wo 

of ¢ are as follows: 

a supported at both ends, loaded at the middle...... 0.03% 

48 supported at both ends, uniformly loaded......... 0.013 
‘beam, loaded at free end Ll eggs 

ilever beam, uniformly loaded. 0.135 





of Beam with Rectangular Section. By making the proper 
in Formula (1), the following formula for a nécraNoULAR beam 
F bomm Exp and LOADED AT Mm suDOLE may be derived: 
‘ Toad in pounds x cube of span in feet x x 728 
aa 4% breadth x cube of depth x E ® 
‘of Elasticity. From this formula the value of the MODULUS OF 
8, for different materials, has been calculated by accurately measur 
al deflection of known’ beams under given loads applied at the 
ben substituting these known quantities in Formula (2). 

ormula for Deflection. Formula (2) may be simplified some+ 

tesenting 1 728/48 by 1/F, which gives the formula 
: WxP ) 
Deflection tn tacks we 5 @) 

(erxn roan the deflection will be five-cighths of this. 


e one XV1, formula on page 656 and Table XVI. page 
F cormesponds to Hatiield's #, éa his (restive oa ~ Transverse Stralos," 











To Find the Load at i ‘ 
wane a) 0 a a 





Allowable Defiection of Floor-Beams. 


aet - 
vex roor or sean, itis liable to crack the ceillag 00, 
this is the limit which is often set for the deflection 
buildings. 


Formulas for Deflection of Floor-Beams. If the ele 
tr so hectettutelilietie Se 


Most engincers and architects, however, think that omer 
INCH PER FOOT OF SPAN, that is, Seo of the span, is not too 
the deflection of floor-beams, a8 a floor is seldom subjected to its: 
load, and then only for a short time. * 


Values ot Courtouh et, S055 2p aaeeeanas 





Material 





seacasssdif 


vi 
Short-leal yellow ‘ine 
Spruce, ‘ 
se oak. 

ite pine, 
L 











ase25 







|? 

















‘E-= modulus of elasticity, pounds per square ind 

Fe constant for defection of beam, supported at both ends, amd Sond 
middle; 

€= constant, allowing a deflection of one-fortieth of an incl pee | 

6. constant, allowing a deflection of ooe-hirtleth of am neh 


* See, also, in Chapter XVI, formula on pace 644 and Table XVE, 







‘as for Loads, Based Upon the Stiffness of Beams 666. 


(adopted, tho constant rok DeFLEcrION becomps 
E 
“ 











2 
of Stiffness or Deflection of Beams. In cither of the above 
mt that the values used for &, F, ¢, or «, should be derived from 
ts of the same size and quality as those to be used. The values 
\ woods given in the following table have been adopted by the 
areful comparison with the results of numerous tests on large 
‘th values given by different authorities. The editors believe 
‘erfectly reliable for first-class merchantable timber. 


las for Loads, Based Upon the Stiffness of Beams 


for Limited Deflections for Rectangular Beams. Knowing 
aused by a load concentrated at the middle of a beam, and the 
k DEFLECTIONS, caused by different modes of loading and support- 
oe Cases I to VIII, Figs. 1 to 8, considered under the strength of 
weams (Chapter XVI), cam be casily deduced, These cases, ac 
Terent order, are: 


For Beams Supported at Both Ends* 


middie 
Safe fond « BHD X cube of denth 4 Fe 
square of span 
Besadth nae eee o 


cube of depth Xa 
jint other than at the middle, a and @ being the segments into 
in Is divided 












oa - Bett cube of denth x © 
Mth = <abe of depth x square of span Xa ~! 
aly distributed - 
of dept 
Safe load = &* breadth x cube lepth Xa (10) 
5 square of span 
5X load X square of span 
Breadth =" § x cube of depth Xa gest 
im, loaded at the middlet 
a breadth x ouborof depth xe” (a) 
fo spin X horizontal distance between supports 
f ~— laudxXspan x horlzontal distance between supports —¢,y 


cube of depth xa 
'» (6) to (17) the breadth and depth are to be taken in inches, and the 
Afeet. ‘The load is always in pounds. 
‘ben in either of the lat two columns of Table T may be used for « oF 4, 
€ degree of stiffness desired, but the values ¢, ia the last column are 
finazy conditions. 
nula in Chanter X17, ure 696, 
Deets of Canpeatry; pare 85. 








Dylindrical Beams. Safe Loads. Nominal Sizes B67 


Will be necesary to ase a 4 by 10-in beam. As the span of this 
ix the same as its depth in inches, it should be tested to see if it 
requirements for strength also. From Table XY, page 643, it 
© the safe distributed load for a + by ro-in beam, to ft in span, is 
4 for a 4 by 10-in beam the safe load would be four times es much, 
‘The load in this example, however, is applied at the middle; 
ife distributed load must be divided by 2, which gives 2 666 Ib for 
Lat the middle. As this is much les than the load to be carried, 
pe beats should be increased to .4by 16 in; In general itis not sale 
(ORMULAS FOX STIFFNESS when the span in feet does not exceed the 
bes. 
+. What is the largest load that an inclined spruce-beam 8 by 12 in 
jon and 16 ft in length between the supports will curry at the 
fistent with stiffness, the horizontal distance between the supports 











Formula (12) is the one to be used in this case. Assuming the 
ection at one-thirticth of an inch per foot of span, the value of a 
posite spruce in the lust column of Table I. Making the proper 
5 

8x1 728x902 


Safe load = 
Ox ty 


= 5678 Ib 


4. Cylindrical Beams 


bk The formulas for beams with squane cross-srerions imay be 
ims with cIKcULAR chosssnctions, if 1.7 Xe is substituted for ¢, 
ter conditions being equal, a cviixpRIcaL mea bends oF deflects 
much asa beam the cross-section of which is the square circum~ 
circular cross-section of the cylindrical beam. 








Me Loads for Wooden Beams for a Given Deflection 


ables and Formulas, Tubles VIT to XV, inclusive, pages 638 to 
the sare Loans vou neaws, give, also, the maximum loads for beams, 
(bat will cause a Dercection not exceeding }iso of the span, that is, 
ot of span. Where two loads are given for any span or depth the 
& calculated for sreeworm and the lower load for DEFLECTION. 
load is given the calculation ix for strength, as the calculation for 
\ those particular beams would give an excessive load (Example a), 
corresponding load for any thickness, multiply the load given in 
¢ the breadth of the beam in inches, Suppose, for example, that it 
to find the greatest distributed load that an 8 by to-in white-pine 
fe span, will support, without deflecting at the center more than 
Wof am inch per foot of span. Reforring to Table VIE, page 639, 
‘ate loads im pounds for white-pine beams, two values are found 
20-ft span, 939 and yo8, the latter being the safe load for deflection. 
jad, therefore, for an 8 by ro-in girder will be cight times, or 
464 Ib, which agrees with the safe load for the same girder caloa- 
Bection by Formula 10, Example 1. 


Nominal and Standard Sizes of Wooden Beams 


on Factors for Wooden Beams of Standard Size, Table TT 
di for beams that measure Jess thaw the NOMINAL DIMNENSIONS, 
psi, aed ds neny? Jocsbithes Boor faints carried in stock, are more 
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Example 4. What is the safe lead for a 2h by shin 











Solution. From Table VIE, page 659, the safe load fora t! 
is 847 1b, Multiplying this by 2.s6 the produce ts 2 x68 It, the) 
load for a beam 2% by t3}6 in in crom-section, For w 

5 by 24-In, the safe load would be 2 34¢ Ib. 






















7. Defiection of Steel Beams 


General Formula. The perixcrion of amy steel beam 
means of Formula (1), page 66s, = 

Example 5. It is required to determine the de@ecthon of 
beam, 20 {t in span, under its maximum uniformly 
9.59 tons. 

Solution. ‘The lead fn pounds = 9.59 ton’ 2 000 = 
inches = 20 ft X 12 240 in; ¢, for = beam supperted at | 
formly loaded, fram the values given under Formula (¢), : 
39.000 600 I per aq in (Table I, page 664); and!the: moment 
the propertics of steel X beams, page 5% is 215.8. 
in Formula (r), pace 663, ’ 


in inches a "2 180% 240 Xo, 
Deflection in inches ee Siw oss 
‘The allowable deflection is 4bo of an inch per foot of span, oF 7h 


Coefficients of Deflection. In order to save the 
DEFLECTION-FORMULA, CORFZICKENTS OF DEELECTION Baye 
nt Hans and arc given in Table UL. t, 

















Deflection of Steel Beams 660 
oefficlents of Deflection for Uniformly Distributed Loads * 












































12 500 wooo | sy000 | 12.950 
o.or3 |] 36 | an.aty | giyg0) | Se Bitar 
2.052 7 42.066 | 10.558 |* 9.437 
2.106 |) a8 wom | mae) 10 
e907 |) 99 | 13.990. sa.eho | 20.675 
ess || » | wan 11638 
0.466 || ar | 15,006 saat 
0.64 » 16,989 rat 
2.8% |) 33 | 18.025 14.08 
to |] 36 | agt3e 198 
tag || as | 2.06 | 15. 
ngs |] 96 | avast | thsre | thr 
1862 |! 37 | 22.63 | ag.tey | a7.70. 
zits || ys | asoor | angig | 18.6ra 
asm |) a9 | 25s), ances | 19.668 
29 40 | 2648 | ahaza | 20,69 
amo |) at | zraey | ayy | at say 
arar || 92 | ap.so7 | 25.548 | a2Bto 
4fe |) an | gtoa | a6779 | an509 
466 || 44 | 30.954 | 28.0} (a5-an4 
Sar |) as | as.stz | apgat | abaks 
sr || 46 | asior | 30.66 | a7.yaa 
6.29 || 47 | 96.962 | Segoe | 38 565 
6.4 |) 4 | aes | aaa) z9.708 
748 || 49 | apm |) serra | 3t.o47 
som || so | am | won | 3.28 





mission from Pocket Companion, 1915, Carnegie Steel Company, 


ection in inches of a section SYMMETRICAL ANOUT THK NEUTRAL 
section of an I beams, channel, zee, etc. divide the coefficient 
sponding to the given span and fiber-stress by the depth of the 
‘To find the deflection in inches of a seetion NOT SYMMETRICAL 
RAL Axis, auch as the section of an angle, tee, etc, divide the 
‘onding to the given span and fiber-stress by twice the distance 
te from the neutral axis, obtained from the tables of Chapter X. 
tion im inches of a section FOR ANY OTIER FrnkR-sTRESS than 
given, multiply this fiber-stress by any of the coefficients in 
given span, and divide by the Gber-stress corresponding to the 





(quired the deflection of 2 10-in 25-Ib beam of 10-ft span, under 
Shuted load of 13 tons, the fiber-stress being taken at 16.000 lb 
ITT gives 1.655 as the deflection-cooflicient, and dividing this 
of the beam ip inches, the result is 1.635/10 = 0.1655, for 
the middle. By Formula (1), page 665, the deflection for 


26.000 X 1 728 c00X 0.015 
Pai andl oad = eaocoox ren, 21649 ty the 
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Pig 1. 


‘Span (Pig. 
be the length of the left spans 
left support 





otf eeey 
5 [ea . 
Reaction of middle support, bd 






Rem we Gh) Ri— Re 






Reaction of right support 


Bah Lor ess| 
When both spans are equal to, the reaction of each 


‘of the middle support $4 ml; bence the girder, by being 
reactions of the end-supports, and increases that of the 


25%. 
Concentrated Lood 













Continuous Girder of Three Rqual Spans, 
the Middle of Rach Span (Fig.2), 

Reaction of either abutment 

Rim Rem oa P. 
Reaction of either middle support 
Ri=Rs= Yo P 

or the reactions of the two end-supports are He les, and 
two middle supports $49 a 
grenter than they would 
have been had three 
separate girders of the 
same crosé-section been 
teadd of ono con 
girder, 

Continuous Girder of Three Equal Spans. Uniformly Distributed 
Rach Span (Pig.2). The load per unit of length is wth, ate 
Reaction of either end-support 

Rim Rom Mul 
Reaction of either middle support 
Ran Rem Mowd 


Hence the reactions of the end-supports are 44 les and of 
Me more, than U{ the girder were wor cuaninacran ‘ 































" Fig. 2. Continuoas Girder of Three’ 












Fax Cinders of Tio Spans, ‘When a beam is at the point of breaking 

| taccneey Merla ee ea Se 
‘STRESS: beam; beam 

: ths focyuks Sakis Yor take gs Sede 


{mt bending Movufs of rupture * x breadth x square of depth 5 
et ® 6 ~—- } 





oP + seh? 
Msstestin being taomadt 7 (a) 
4, or both spans are equal, 
‘Maximum bending moment = w/8 (x20) 
the maxim of a beam: at 
feeb eaten cho apes cn 


ous Girder of Two Eyuil Spans. Concentrated Load at the Middle 
foun. The greatest bending moment in a continuous girder of two 








(test deflection in the end-spans, = 0.006884 wi/ET (1g) 
‘maximum deflection of the continuous girder is only about 4 that 
ontinuous girder, 

ys Girder of Three Equal Spans. Concentrated Load P at the Middle 
pan. 

latest deflection at the middle span = Mao PP/ET 

‘atest deflection at the middle of end-spans = Woo PP/RE 


| maximum deflection of the continuous ginter is only 1340 of that of 
‘atinuous girder. 


ge in a building in which the girders run across the building, and 
supported hy therside walls wad their inside ends: by 


ais kind, . 

F factory in which the girders support machines, any vibration in the 

ta of the girder is carried to the side walls if the ginder is continuous; 

Bee mae are used, with their ends an inch of so 
vibration is carried to the side walls from the middle span, In 

Iegortant fast] the supporting forces should be 


Strength of Continuous and Non-Continuous Girders. As the 
StxeNotm of continuous and non-continuous girders of the same 
bn, material and spans, and loaded in the samo way, is proportional 
jaximum SENDING Mowers, the strength of a continuous girder can 
ted, from the formula for its maxXoluM BENDING MoMEsT. From the 
‘en for these bending moments for the various cases considered, it is 
lthe parts of the girder most stressed are those which come over the 
pports. It is scen, also, that, except in the single case of a girder of 
Wrrsitocaly tocod, ‘the strongth of continuous girder is greater 

@ non-continuous girder. But the gain in strength in some in- 
great, although it is generally enough to pay for making the 


ge 
g 


PI 





Girders of 
for calculating id 


Sap aap Tt 
formula M = ST/«, modified for the: 


wibeld) Hime ewe? fe 


‘in which $ fs the safe unit fibers 
Known as the coeificent of stren 


‘of one span, im feet. 
given ia Table 11, page 628, Foe! 
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[s. Continuous Girder of Two Equal Spans. Uniformly Distributed 
Each Span. 
jwing formulas ive the loads which the beams will support without 
‘nore than one-thirticth of an inch per foot of span. 

bx@xa 


Loud on one span = «yr 


(as Girder of Two Equal Spans. Concentrated Load at the Middle of 


bxdxa 
oa 
(gs Girdor of Three Equal Spans. Uniformly Distributed Load Over 


‘Load on one span = 4 x (8) 


oxXPxXa 
Load on one span Sy (29) 
las Girder of Three Rqual Spans. Concentrated Load at the Middle 
an. 
bx Px a 


r 


te of the constant a is obtained by dividing the woneLus oF ELAS 

{2 960; and, for the three woods most commonly used as beams, the 
ialues may be taken: 

Eyellow pine, 116; white pine, 77; spruce, 9 
‘woods, see Table T, page 664.) 

tinuous Steel Beams the requisite size may be found by first com~ 
MAXIMUM DEXDING OMT, by means of Formulas’ (12) to (15), 

Hocting 2 beam that hax 0 


3X maximum bending moment in ft-lb 
(fenow S100 = co t 


Lond on one span = ®%41 





(se) 


Douglas fir, 116. 








at) 


ie the section soDULI for the different shapes of rolled steel used a9 
fsiven in the tables in Chapter X. 

1. What steel beam should be,used to support ¢wo loads of 16 000 
centrated at the middle of two spans of 10 ft each, the beam being 
' 


Formula (3a) gives the maximum bending moment as He PI, or 
t Therefore, from Equation (sr), a beam having « section-modulus 
X $0.000/4 000 oF 22,5 should be used, From the Table IV, page 
ound that a 9-in 3o-%b beam has a section modulus of 22.6, and « 
beam a section moduls of 24.4. Either of these bears will there 
f, the 1o-in beam being the cheaper, however, and also the stiffer 
2, A steel beam continuous over three spans is required to support 
¢ distributed load of 1 000 Ib'per tin ft. ‘The two ond-spans are t2 ft 
be middle span ro ft. What should be the size and the weight of the 
, 





‘The maximum bending moment is found by Formula (14), and Is 


1000 X t 000 +4000 x 1.728 


= 12 630. 
4 Gotz} sam 





i 


Ly 


Fig. 4. Shear-diagram and Bending-moment Diag 


Fig. 8 represents a footing consisting of two layers of 
Asibute the load of the three columns above, tiniformly 
By inverting the footing the three columns become the 
the upper layer of beams, « continuous gitder, loaded 
uted Toad which is the prossure of the lower layer, As in p 
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twee equal, and the distance between the columns seldom équal, it 

to project the continuous girder beyond the mast heavily loaded 
vrder to insure a uniform prewure upon the lower layer, Because 
fitations none of the formulas previously deduced can be appilied, 
principles upon which they are based hold good. 

(Bending Moment. Since the acactvows fn this case are the given 
fs it is required first to find the maxnnust wexnrxG omer, From 
ready been said about continuous girders, it is evident that the 
‘ximum bending moment may be under columns x of 2, or between 
Since the maxintum bending moments are the ronvrs oF #0 
ftruct the sieampracram, find where the shear passes through 
culate the bending moments at these points, ‘The maximum bend: 

is determined, ns in examples x and 2, in order to determine the 
yonws of the girder. 

3. The continuous girder under columns 1, 2 and 5 (Fig. 3) is 
the overhang, to the left of column 1, 6.25 ft; the distasice between 
ad 2, ry-12 ft; between columns 2 and 4, 12.88 {t; and from columm 
it edge of the girder, .75 ft. The column-loads are as follows: on. 
53 tons; on column 2, 6co tons; and on column 3, 255 tons. 
nn-loads may be considered uniformly distributed over parts of the 
bases, which are sft wide under columns r and 2 and 18 In wide 
go 3. The unm yuxssuex under columa 4, therefore, is. s6s/: 

Taide coluraa , 660/3 = 200.tons; .0nd oder. golem ay-235/*5 

‘The unit pressure under the continuous girder is 

(565 + 600+ 255)/33 = 45 tons 

step in the calculation of the girder is the determination of the 
fo smear and the plotting of the suxAn-pracRas in Pig. 4. It is 
ft the shear-dingram that there are four points of no shear and con- 
jur points of POSsINLY wAXEMUM nENDING MOMENT. The first of 
‘er colummn 4, the second between columns 1 and 2, the third under 
pd the fourth between columns 2 and 3. ‘The bending-moment 
shown by the solid curved linc in Fig. 4. ‘The points of contra- 
» bending moment are the intersections of this line with the borl- 
t 


mprAGRam,* shown by the broken line in Fig. 4, may be constructed 


+443 tons per ft X (6.25 — 1.5 = 4.75 ft) = + 204.25 tons 

i+ 4s tons per ft x 6.25 ft) — 565/2 tons = + 268.75 — 282.5 

+ 15:75 tons 

1 that 2x, thé point of no shear, lies between points x and 2, To 
nt lot » be its distance beyond or to the right of point x. Then, 
1 HOR NO SHEAR is 43 tons x (4.75 ft-+y ft) « 188.5% y, oF 204.25 
Bay, from which 145.3 y= 204.25 ond y= 1.4 ft: hence m, the 
OF NO SMEAR, is 4.75 {C+ 1.4 ft, or 6.x ft from the left end.t 

XD TODET OF NO SHXAR, a is such a distance from the left end that 
(eD SUEAMING-FORCE of 565 tons from column 1 is neutralized by 


lard forces are here called plus of pasitive and the downward forces minua 





fn at point +, the left edge of base of Coturan x, Vs at polnt 2, at the axis of 


fring cmpatation are cand Ott oe decimal-place, only, the nearest 
walues being used. 
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CHAPTER XX 
IVETED STEEL PLATE AND BOX GIRDERS 
By 
CHARLES P. WARREN 


STANT PROFES#OM OY AuctITEcTeRE, CoLUMMrA UNIVERSITY 


1. General Notes on Plate and Box Girders 


MRiveted Girders. Girders built up of plates and angles, a8 shown 
in Figes, 1 to 4, are extensively wed, ‘This is undoubtedly owing ty 
‘ity of their construction, to the comparatively low coat of the shapes 
hey are fabricated and to their adaptability to any arrangement oF 
tany span for which girders are usually required. Riveted girders, 
re seldom: made for spans grester than 6o ft and are seldom more 
ta depth. ‘The most common forms, of these girders are shown in 


2a: 


Fig. 3 Piet 
‘Types of Riveted Girders 





lees with a single vertical plate called the wee are usually called 
eas, and tho with double or triple webs, nox cmpxes. Plate 
more enpnomical than box gitders, and more accessible for painting 
tion; but box girders are stiffer laterally and should always be used 
leat of, span requires wide Manges. In general, it may’ be said 
girders should te used to support floor-beams snd floor-arches and 
Wwer 12 in thick, and that box sinders should be used where a: flange- 
ter than 12 in is required. The girder shown in section in Fig. 1 has 
lates and should be use only for comparatively light loads ans] short 
‘never to support masonry. 

and Web. ‘The term reancr, ns applind to riveted girders, includes 
alin the top or bottom parts of the girder, exclusive of the web-plates.” 
bof a riveted girder is the distance between the centers of gravity of 
fj but In practice this is usually taken as the Dxrrw oF Tim WRI 
{the word will be vo uied ia this chapter. ‘The top and bottom of 
‘angles extent! 34 in beyond the top and bottom of the web-phate. 
fure'is Table £V, page 705.) Srurreses are short pleces of angles 


ly be modified, however, 28 some engineers include one-sisth of the web-area 
Wretiaageares: See, aleo, Flagge-aros io che examples of this chapter, 


ee 
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‘than 14 
(alata Ae niin ell at 
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Jenever possible, all rivets must be sacrnws-onvEx. 

€ several picces forming one built member must fit closely together, 
riveted, must be free from twists, bends or open joints. 

filers Go ft and less in length seldom require srLicine, as the plates and 
{ readily be obtained in such longths, In splicing the top flange, 
Wo oF more thicknesses, no additional cover-pLare will be required 

int, but the ends should be planed true and butt closely. The rivets 

‘Spaced closer near the joint. 

(e plate covering the bottom flange must be of the same area as the 

ied, and of sufficient length to take a number of rivets equal to the 

f the cover-plate, 


3 Design of Plate and Box Girders 


Steps in the Design of Riveted Girders. In designing 
ieder to sustain with safety a givon load, the following steps are noces- 





determination of the required fange-area. 
lination of the thickness of the web to resist 


4) Shearing, 
§) Buckling. ‘This step also determines whether or not stiffeners are 


necessary. 
determination of the number and pitch of the rivets. 

approximate weight of the girder. 

determination of the length of the flange-plates when more than one 
for cach dange. 

@ Plange-Area. In determining the FLANGE-AREA of riveted girders, 
fnazy to assume that the bending moments are entirely resisted by the 
lower Hanges, the web being assumed to resist the shear only. Just 
lil be inclusted in the flange-arca is a question on which engineers differ. 
ide the Sange-plates and angles andone-sixth of the web-area, others 
pilates and angles only, while others include the flange-plates and only 
atal legs of the angles, the vertical logs being considered as belonging 
} In compression-flanges, usually the upper ones, the gross section= 
be taken, provided the rivets are machine-driven and fill completely 
Dut in tension-flanges, usually the lower ones, the net area is taken, 
© gross area minus the area of the greatest number of rivet-holes in 
lection, since the stresses of tension are not transmitted through the 
fe those of compression. 

al FOUMULA® TOR DETEKMINtNG THE FLANGE-AREA, which applies to 
ws of loading is 

one flange __maximum bending moment in foat-tons 

fquare inches depth of web in feet safe unit fiber-stress in tons 


A= MiaxfdS () 
tay be derived from what is sometimes called the rLATe-cmmek FORMULA, 
@, in which S is the xafe unit bending-atress in the flange at the section of 
moment, A is the arex of the crost-section of either flange and d is ap- 
‘of the girder. Of course the units must be the sxme in both mem- 
If the center of moments is taken at the center of gravity of the 
‘either fange-area. and if the area of metal reaisting bending is considered 
ted ia the flanges, the depth of each being very small compared to that 
then SA is the total horizontal stress in either flange, d its levers 
fesisting moment of the cross-section, equal to Muss Hence d= 





if 


ih 


= 
& 
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en vertical section of a beam or girder between the supports is 
(of all the vertical external forces acting on the beam to the 


























Fig.d 
. Diagrams for Vertical Shears for Different Loadings 






















tee forces acting upwards being considered as plus, and these 


& beinuy considered as minus. 


ase of the beam shown in Fig. 9, the meaction Ri will be 
thod explained in Example 2, pace sy, aod by Formulas (2) 


tae 
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and (3), page 323, to be igo 1b, and that 

us sections may be found by appiylng 

SHEAR, thus: 
Shear at X= + 150— 50 = 100 Ib 
‘Shear at ¥ $2) 
Shear at Z = + 150— 50—80 ~ 100 == Bo 
Shear at O = + tg0— 50~ 80— 100 

‘The manner in which the VERTICAL SHAR 
different Sn ae ee 





value. 

When the load Is uxzroncy pretemmerep the VERTICAL 
‘graphically by ‘off vertically Ri and Ri to a scale of pound 
fate Te 8 the “eee ay wl then be = ‘od 
Xi: and the shear at ¥ by and thy can aly Perea 

(b) Buckding.” The safe resistance of | 
square inch, may be determined by the formula 

So) = 
pan 
yooo® 
in which Sp is the tafe buckling ‘alu i pounds per per square incl 
‘of the web in the clear between in inches and | i the| 
the web in inches. When this ince is loss tham the 
VERTICAL SIAR at any section, stiffeners must be used. 
Stifeners. These should be made of ANGERS, not less 


order to bring the stiffens 
the web and the vertical leg of 
viturns, of the same thick 
inte 10, Where ther 
in Fig. 10, 

Uucl) ate pose 
omitting the fillers ar 
vexers, as shown in 
‘ing, however, can be 

by the use of special dies, 
‘than the fillers i! 


u ‘ tiffeners. “The BRACE 
10. Stiffeners Fig. 11, Bent ™ 
7 th Files Stifeners mre matter of 


shown in Figs. 6 (0 9, are of great asalstance tt i 
The general rule is to place the stiffencrs not farther 
the full web-plate an girders over 3 ft in depth, with & 
On girders under 5 ft in depth they are placed 5 ft apart. 
in depth require no stiffeners. On girders supporting dists 
generally placed nearer together at the ends than towards 

* See Table Ail aes 70s, and slo: a Chapter at a 
pages 567 to 369, relatiog to the web-buckling of bear amd 
Bin fe wid bucking In Table TH, pee 795, the eats 

1 Cormpany"s Manual, and as the val : 

deduced by Une Camila Varma (er yaar S08). een 
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(ps shoul alwuys be placed at the ends of girders and Wireetly over the 
beh support, as shown in Pig. 18, and wherever there are concentrated 
in plate girders the stiffeners are always placed on each side of the web; 
flees 08 the outside only. 
iting of Girders. This depends somewhat upon the character of the 
(ut @ safe general rule is to make the nEARING of the girder beyond the 
fe support equal to ONE-MALY THE DEPTH OF THE cuUDER. 
je Number and Pitch of the Rivets. (a) Rivets in Web-Legs of 
Et will readily be seen that when a plate or a box girder fs loaded, the 
lof the bending moments is to cause the flange-tilates and angles to 
migonraLty past the web; this tendency is resisted by the rivets 
(ect the angles with the web. ‘The ToTAL awouwT oF 71s TENDENCY 

called the HORIZONTAL FLANGE-STRESS, between any section of the 
ff the nearer end of the girder, is equal to the BENDING MOMENT at 
(UBIVIDED WY TINE DerTu oF TK wkn.* The TOTAL NUMBER OF RIVETS 
that section and the nearer end must be such that their combined 

to SIEARDSG or BEARING, whichever has the lower value, shall equal 
bntal dange-stress at the section; or 

horizontal flange-stress & 

bearing or shearing of one rivet ~ 


deal number of rivets in the web-angle from end to end is twice this, or 
2X maximum bending momentt in foot-pounds 
Bibot ot svete = oh of web in fect x leant resiatatico of onacivet 


(eaemer or xtvers determined by formula (6) is such that they would 
than 6 in apart, then the number must be increased, as in no case 
by have o greater rica than 6 in. 
(ets fin Flange-Legs of Angles. Win 4 stxoie coven-rrate. For 
jth a single cover-plate, it is customary to put the same sumber of 
he Mange-leg as in the web-leg for a distance of 3 ft from the ends of 
5 BFAGGERING the rivets as in Fig. 16. Beyond that point to the 
(the girder one-half the number of rivets will be suflicient, provided this 
iwe them a greater pitch than 6 in. 
{WO OK MORE COVER-PLA’ When two or more cover-plates are 
(plate must have sufficient rivets between the end of the plate and the 
‘fe its resistance is required, that is, for example, between o and 6, 
@ transfer to the angle and flange-plates between, an amount rqvaL 
(ee sTexNomtt ov THE PLATE. From this point to the middle point of 
|, the rivets can be spaced according to the rule for the greatest pitch, 
ets im Stiffeners. The spacing of rivets in the stiffeners is generally 
a aA the rules a for the pitch of rivets. Further explanation of 
od of determining the spacing of rivets will be found in the following 


number of rivets 








te Approximate Weight of the Girder. fn determining the size of 
[Girder to support a given load, itis desirable to be able to add to the 
page 685, and foot-note relating to it. M = SAd, and hence 

tsa ta PPsaitaley thetoal soouns, ts pounds of the tendency to vide, and being 


ok, Sane fiber-stress in pounds per square in, due to flexure. A is the 
Pape the creas-section of the flange and d is the approximate depth of 





be the maximum hevtnontal Reacestroxr mal to the maximum beading 
hy the girder-deptls, or 


er Saas Maas/ ts 
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Btep. The Flange-Area. The next step is to determine the Sange- 
bre this can be done. however, the width and depth of the girder 
teided As it is desirable to keep the girder as shallow as possible. 
with good engincering. the case will be considered an exceptional 
ne depth of the web-plate will be made 26 fn, which is about one- 
he span and @ little less than the usual limit. 

Siders are braced sidewise by the floor-jolsts, it will not be necessary 
be width of the flange-plates one-twentieth the span of the. girder, 
y be made 12 in width. The dangearea may be determined by 
#), page 683, and is 


A= Mya/dS 





maximum bending moment (ft-tons) 
depth of web (ft) x S (tons per sq In) 


{imum bending moment for a unitormly distributed load on a simple 
Trax WI/8 (Case V, page 326), or in this particular case, $3.57 
[/8 = 334.8 ft-tons, 

be af S* has varied in the handbooks from 6 to 8 tons, depending 
Jing conditions and upon the judgment of engincers. A value of S 
14 000 Ib per sq in is the requirement of the new New York Building 


flange-area (sq in) = 


tinge these values in the formula gives for the net area of either flange, 
P= 16 5q in, 

ber flange may now be designed. For a girder of this size and londed 
Ye it will be advisable to try twos by 34 by Hein angles, with the 
jorizontal.t ‘The sectional ares of these angles (Table XI, page 363) 
| which leaves 9 sq in for the area of the flange-plates. Dividing this 
{he width of the flange, gives 4 in for the total thickness of the plates, 
Fe made up of two 4-in thick plates. Of course, any other combina 
Mtes and angles having an area of cross-section of 16 sq.in will fulfill 
tions of the problem, the selection In all cases depending upon the 
land cxperionce of the designer. Note, also, that no part of the web 
included in the flange-area although it would be safe to include one- 
| This also is a matter of individual opinion. 

lower flange is in tension, the rivet-holes should be deducted in order 
the-net area: Assuming that M-in diameter rivets are used, it will 
{beat the greatest loss of section is by two rivet-holes opposite each 
hecting the angles with the plates of the bottom flange. From Table!, 
the area of two J4-in rivets in a M-in plate is x.3r sq in, and ina 
6 the same thickness as that of the angles, it is 0,764q in, ‘The sum 
hicknesses is 2.07 sq in, which must be added to the net area of the 
Be-plates, 165q in, making 18.07 sq in for the gross area of the lower 


‘Chapter XV, paragraphs and foot-notes, page Gos, relating to fberstremes 


for riveted beam ginders, ete 

| Mange-antles of plate girders the by y}t-in ise is most commonly used, 
(ngesplate is x2 in wide, and 6 ty 4-in angles when the fange-plate is over 1a in 
box winders 3 by 4. s by 3}6,4 by 34 and 354 by 5)¢-in are common sizes; 
ey Beavily Joaded girders, requiring two rows of rivets in the web-leg, 6 by 
nee often used. For most riveted girders, in which only one row of rivets is 
abort leg is riveted to the web, s0 as to bring most of the material as far from 


is 
watts of the girder as possible. The winimum thickness of Asoge-angles 
the aeaxiorons thichaee for ordinary loads is #4 in, 


i 





flange-plates. This aiiona area, 
new of the plates to M4 in. . 
“The danges will then be made wp a& fo 9 
‘Upper fis: Tees 3 Me-in 
one ee 
bt 
Lert a are 
plates, 12 
ss 


Step. The Length of the Plange-Plates. 
necessary to plot "ct ee ae 


Fig. t2. Diagrams for Bending Moments and Vertical Sheant. 


a parabola having « height over the middle of the 

‘bending moment. From the middle point C, of a horizontal | 
conventont scale, lay off a vertical line CD, equal’ tothe 
moment, 434.8 {t-tons. Construct the parabola ADB (see 
bending moment at any other point, as &, is equal to theo 
that point, measured Lo the same scale. 
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bs the total length of the girder is but 53 ft, it will not be necessary 
webs of the flanges, because the extreme longth of a 4 by 36-2n 
jt-and of a 27 by $4-in plate, go (t* It is never necessary to splice 
pe are rolled in lengths up to 90 ft. In very long. deep girders, 

necessary to splice the web, and the joint is sometimes 
idl, ‘as theoretically there is no vertical shearing-stress in the web 











Splicing of Knaec Plate of Bottom Fangs of Plate Cine Example 1 


t whes the load is uniformly distributed. Generally, however, 
ppliced in two places, equidistant from the middle of the girder. 
calculated for vertical shear only, the rule being to divide the shear 
by the safe shearing value or bearing value of one rivet. ‘This 
tnber of rivets required on each side of the splice-plate, unless the 
{ch is exceeded, when more are added, 













2.0 
o 





© 0 O10 0 0 0.110 
Oo°o } 0° 0 0 0° 0 


10. 0. 6-040 
Solon 80% 020 


Vig Hh. Plan of Spliceplate, Example + 


splice is required in a flange-plate, it should be, if possible, at a 
‘yond the end of the plate above it. ‘The jolat must be made by 
(e wpliced plate, a plate of the same thickness and of sufficient length 
umber of rivets on each side of the joint equal to the strength of 
tis spliced. When the flange is made up of two plates of the same 
simplest method of splicing the inner plate is as shows in Fig. 13. 


‘8 a 




















ae 30° 20% 4 
lme@na” [ap timmm ar |.) raimn@ar |) emmmae’ [fp | 


fie 15. Elevation of Part of Mate Ginter, Example x 


the theoretical peaition of the end of the outer plate, as determines 
Hemoment diagram, and ¢ the point to which the plate must be 
receive rivets of a resistance equal to one-third the strength of 
‘hen let the joint in the inner plate be just over a and extent the 
+ 6,or euch a distance that it can receive a number of rivets equal 
te the strength of one plate. 

extreme lengths are published in the various handbooks. "The shove 
‘exainple, are taken from the table on page 105 af Carnegie’s Pocket Com- 
‘dition. 















| 
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Fig 16 Box Ginder Supporting Brick Wall eight 1 

Example + quired to design the 

First Step, The Load. The first step towards designing the gin 

termination of the load. ‘The space under the lower windows is 
tribute the weizht frotn the piers uniformly over the ginder, ie 
assumption is that the weight of the wall between the lines A amit B) 
trated at Js, the weight of wall between lines Band € at #% ane so 
floot-jaists run across the building, so that oaly the weight of the = 
supported by the girder. Allowing 200 lb per squate foot oF face for 
wall, and 165 tb for the 17-i0 wall, both walls being Plastaredt on ta] 
Load at Py 


={ea X 10'~ 7! 3' 31 X 200"... 
Isa" 40" — (2 5" X14! +5’ a” KT Ag 
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‘ie 
Phx 10 4 6K 7 OT X 209— 8366 6 
UX 40" te" X 14+ 49" X 71% tbs ....-.gzgsqf 749779 
= at Pre. 40 7201b 
" 

"711K 2006 as S68} 
a 40! = (2 8" K a + 5) a" X 7X 65 «...25 595 erras 


ptal load on girder =. saree 444.865 1b 





ps 
{uation (7) 
fmmate weight of girder = 


Wt 724% 2456 


* 3.5 tons, oF 5.000 Ib 





r 700 


lethind of this, or say 1 600 Ib, should be added to Paand Ps, and goo I> 
HPu This will give, approximately, the following loads, applied as in 





Pym 3gccolb y= 42 Joo lb 
Pr=42joolb Py = 31 30 lb 








Pig. 17. Diagram for Bending Moments. Example 2 


| Stop. The Determination of the Maximum Bending Moment. By 
the formula under Case VI, page 327, the maximum bending moment 
bunds for the loads are found to be as follows: 

For Pi, Mix = 402%?" 6" X23" 4" 





ma7g8e ft-lb 











a4’ 10" 
ea Aaa 
For Pi; Mear = 42300%5 1 XIS 5 000 ftlb 
24 10" 
iam 
For Pi, Mrmas = 1232%? = 237.900 ft-lb 
ae Micke a eA X23 ee ng 50 ft-lb 


aq’ 10” 


these moments to a scale, as explained for Fig. 15, page 329, the 
moment diagram shown in Fig. 17 * is obtained. The maximum bend- 


heading moments in this diagram are drawn to a scale of about 400.000 ft 
he 
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for the flange-stress, or 22 600 Ib for each web. The number of 
fore (Formula (5), page 687) is 22 600/s 420 6. The distance 
the left reaction is 16 in, which makes the pacing 3 in. The 
tt Py is 209,68 ft-tons/2.5 ft 85.95 tons, or 167 yoo Ib, and one- 
£83 950 Ib. The number of rivets therefore is 83 9304 420-— 

te are required between, Pr and the left reaction, leaving 13 to.g0 
tad 2% a distance of S in, making the pitch about 69 in. As 
the maximum allowable piteh, the rivets will be spaced 6 in on 
ten Pr and Ps and between Ps and Ps. The spacing on the right 
the girder will be made the same as that on the le(t. Some details 
are shown In Fig. 18. 




















4-18, Elevations and Section of Bow Girder. Example 2 


‘and Bill of Quantities for the Girder, The loads, dimensions, size, 
‘609, etc, for the girder ate given in the following summary: 


4000 Ib, + (0-6 fn from left support. Span: 24 ft 10 in 
{2.900 Ib, 8 ft 1x in from left support. Depth: jo in 
(2 300 Ib, 8 ft 7 in from right support 
(4 200 Ib, 2 ft 4 in from right support 
ages: Four angles, s by 34 by Me in, 27 ft 6 in long 
‘One plate, 20 by 36 in, 27 ft 6 in long 

ts: 4 by so In, 27 ft 6 in long 
two stiffeners: 4 by 4 by #4 in, 2914 in long 
two filler-plates: 4 by tie in, 25 in long 
4 in in diameter 

Whit are the dimensions of 1 box rider, 40 ft in span, required to 
jMlowing loads? go tons from a column, & ft {eom the left support; 
a column, ¢2 ft from the right support; and masonry pier, ro ft 
4nning ro ft from the left support and weighing 4 tons per running 

10.) 

‘The Determination of the Renctions, Shears and Bending Mo- 
(nd either reaction, the center of moments fs taken at the other 

equation of moments for the left reaction is, therefore, taking the 
gents at the right reaction, 


(= Gotons x 32 ft) + (qo tons x ag ft") + (75 tons x 12 ft) 


gO. Ri 4780 ft-tons and Ri 119.5 tons 


Jing the moments ef forces, distributed loads mre treated x if they were 
their centers of gravity. 





608 


Tn like manner, the equation of me 
40 Ry = (75 tons x 28 ft) + 





Fig. 19. Elevation of Box Ginder and Diagrams for. Tending 
be Shears, Example 5 


any convenient scale an ordinate equal in length to + 

at the right of point 1, under the left column, the shear 

29. tons, It is the same at point 2, the left end of the wall A 
right end of the wall, the shear is £19.§—90— 40" —10.5 tomes, 

shear passes through zero somewhere between 2 and g, which As th 
maximum bending moment. This point, X, is by: scaling 

37.4 ft from Ri, It is over the point of intersection of thy 





‘considering the forces to the left of Kis 
fex p4 ft/2) 





SUR iota rst 
ro ft)— 2ft)= ror 
beeen tsk Ges 


t) = (Go tons x 40 ft) ~ (40 tons X 15 ft) = o26 ft-ton 
in baci (a the sepa bending 


X28 fe 
fee 











-Bxaniples of Plate and Box Girders OL 
The Stiffeners. “feapiinhyew dapsone pe lar 


beet age taeda and as this is 
an the shearing value, stiffeners must be used. ‘The stiffeners 
centrated loads considered as short struts in direct com~ 


‘The Number and Pitch of the Rivets. Taher Ueda ieeaird 
thear, The shearing value te ig aes at 10.009 Ib per sq in 


page 683). AM at ¢ = 956 ft-tons, and the horizontal 
Q tons, or 635 ceo Ib. From Formula (5), page 687, the number 
eal = 638 cna/s cis =hct, or 53 on each side. ‘These are to be 


© ween 2 and X, a distance of aboutg ft, As the re- 
exened the maximum pitch, they will be placed 6 in on centers 
HX. Atg the horizontal flange-stress = 1026/5 = 342 tons, or 
umber of rivets is 684 000/6 oro = 112, or 56 on each side, 

‘a distance of 12 ft, or 144 in, making the spacing 2.5in, Be+ 

the maximum pitch will be determined as before. 

‘The Weight of the Girder, So far, no account has been taken 
‘of the: ae ‘The practice is to neglect this weight when the max- 
fF moment due to it alone is less than 10% of the maximum bend» 
‘tue to the loads. From Formula (7), page 688, the weight of the 
€ 40/700 x2 tons From Case V, page 526, the maximum bend~ 
se 42 X 40/8 Go {t-tons. As this is much les than 10% 
tons, the maximum unege moment duc to the loads, it may be 

pers eee, ie weight would have to be considered a 
ited load over the entire girder and a new bend= 


ie 


on Riveted Girders. By applying the principles illustrated in, 
foam it is peasible to compute the necessary dimensions and 
eted girders under any conditions of loading. If further examples: 
he reader is referred to “ Compound Riveted Girders," by William 
in which different examples of loading are fully worked and ex: 
wlso to other recent treatises on this subject. 
and Stress-Diagrams of ono of the earlier heavy plate 
popes in the Engineering Record 
gs. This girder is one of six plate girders used in the construc 
Temple, Boston, Mass, Blackall & Newton, architects. The 
Bees centers of columns 6 ft s ia deep, with danges 28 ia 





FERBE 3 
Ae 


gE 
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6. Tables Used in the Design 
‘Tables 1, IT; TTT and TV contain data 
and box girders to satisfy all but the most 
‘Table 1°} Sectional Area in Square Inches to 
‘Anges for Rivet-Holes 
Taken {4 Inch in excom of diameter 


povneeee 
ReEase 


es: 


‘Thickness 
of plate, 
i 





rete rns 
BISS sateen 

Po oeseenees 

RPSqeSe sacs 


peo 
fae 





* For explanation of tal Subdivision 4, 
‘t This table is taken from ~ Compound Riveted 
1 $ See M Rivet-Holes, page 414, 
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thle IE." Safe Shearing Value of Web-Plates in Pounds 
Mild steel. Gross ares. Safe unit stress, 10 060 Ib pet sq in 





‘Thickness in inches 





» Me % Mo Mw x ” 





hd 372 SO | t4ccn | 157560 | 135000 | g0000 | sas ono 
2 mO | 138 wo | Tye009 | 6B BoO | ABT 500 | aasc0n | 262.500. 
= 1y00e | 160000 | rao ce | soeceo | 24D 0080 | sho OOS 
§o0o 1ST RO wij com | set g00 | a2gcco | a7ocen | sig c90 
e009 | 175 000 gop ccm || | gagcco | agooco | oon | As 000 
900°} 183800 | a10000 | 236.300 | 260 500 | gts 000 | 3 900 
20 | 201 oo | zyoc0 | ash Sco | a87 500 | guscoD | goa oo 
poe | sic | ayoom | z720c0| gone | soc |) gaco 





Deduetions in pounds for one Nin rivett 





$200 Soo 40 490 5500 6 feo TI. 





Deductions in pounds for ono 74in rivet? 


gree | 4400] sooo] séoo| 6x0] 750] 8700 


tation of tables, see Subdivision 4. page 688, 
af the hole is taken $4 in in excess of the diameter of the rivet to allow for 
etal sustained by punching. 

+ What is the safe shearing value of a 56 by 34-in web-plate with 
ivets in the stiffeners? 


























‘The grows shearing value = 155 000 Ib 
tion for seven rivets = 7X5 200= 22 400 lb 
“he safe shearing value = 112 600 Ib 


able for any other unit stress, divide the shearing value by 10.000 
‘by the given unit stress. For example, what is the safe shearing- 
> by Sin web-plate at 12 000 Ib per oq in? (230 000/10) X 12 = 


f Riveted Steel Plate Girders.} It is not practicable to give 
(28 Loans for riveted steel plate girders because of the great variety 
‘ons of plates and angles that can be selected for any given condition 
Moroover, any variation in the loading would make the tables use- 
te of the safe loads, therefore, the PROPERTIES OR ELEMENTS OF 
KL PEATE GrepeRs are given in Table IV, pages 706 to 716, which 
(termining the aize of the girder and the approximate thickness of 
id angles for any special case, To determine the dimensions and 
(of a girder suitable to carry any specified loading, determine the 
{DeREACTION in pounds and the saxnetiae BENDING Mosrent in inch- 
leet from Table IV the different parts for a girder of the required 
ICKNESS OF WES as detormined by the maximum end-reaction and 
(eriow-sone1us as determined by dividing the maximum bending 


eof riveted single-beam girders and double-bear girders, see Tables XIV 
6 Gog to Grr. 














| ‘Tabie IIL 





Calculates. by formula Sy 22 — 


‘Safe Buckling Values of Web-Plates 


BAPE UNIT BUCEUING VALUE IN POUNDS PEK SQUARE INCIE 
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‘buckling resistance in pounds per square Inch; d = ih of web it 
| laste pape ag paren pent tay a 








348 
312 
To 
2496 


2087 
1998 
158 








DOTAL SAFE RESISTANCE 


FOR PLATES WITH TWO }4IN RIVETS, 





‘Thickness in inches 





“ 


He 


ey 





Bias 
xi Ry 
3 sfo 


a 40 
Mo 


S80 
45199 
46 e020 
429, 
40.30 


191 570 
138 960 
eas 





DEAL SAH MESISTANCE IN ROUNDS 





‘Thicknets in inches 





“ 


Me 


= 





3M t00 
angio 
ar u0 
2950 
26700 


rinse) 





ro 
arp 
5 Go 
eyo 
sts 

















B49 | 75520 | sem 





explanation of tables, see Subdivision 4, page 688. 


190 #70 
97 710 





in Chapter XV the paragraphs and foot-notes, pages 368 and 569, relating to 
‘buckling of I-beams. ‘The formula for the above table is the formula that was 
he Passaic Steel Company's Manual, and as the values computed try it vary but 
fp those deduced by the Cambria formula, Table E11 is retained as it is. 

to, page 686, paragraph relating to Safe Resistance of Web to Buckling. 
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t=} (Continued), Elements of Riveted Plate Girders 


























Sizes Weight per foot 
———§_] Maximum 
Wob- end: a 
be] rie | mice | 2 | rage |e 
ter | angles, | platen, | 422 | slater, ‘of 
i" in in” | ee, |B ponnsie 
tb 
6x4 XM gir 76. 
SxXMaexhe | wx ot 08 B 
sxa4xt | wx | oa | 5r0 a 
6x4 xo | uexis | tans | 47.6 8. 
SxaMXM | r2xi6 | 108.9 | sto 78. 
6x4 Xe | ux | was | sos 78 
6x4 XK | UXM 5 76. 
6Xa XM | XM ht 7 
6x4 XH | XN Tol 6.6 
SxIMXH pos 3 
0X4 XM cs By 
5X3}6X 4 83.1 a 
ha | OX4 KH 9305 B3 
SHIXs 95.9 Bs 
sx34X% | ax | 70.3 | 30.6 
6X4 x6 108.7 63 
SxSMXK | XM | 73 | 40.8 By 
6X4 XM 3,7 ors 
sxx | BX | 73 40.8 &.3 
6X4 Xe | Xe Lr wT as 
6X4 XH 130.8 a5 
SXS4XM | mex] 924 | 408 oS 
6x4 X% | uxX4 | eo | 47.6 as 
yg | OH X78 “mas as 
OS | sxauxte | raxié | oor Sto as 
6X4 XM | 14XH4 | oo 47.6 as 
sxaex™ | 12x% | 109 | sto os 
6Xa XM | UuXh | Tons. 59.5 as 
OXe KX | xh | i157 95 os 
6x4-X |omaxh | omer | m4 7s 
6X4 XH | XH | wor | md os 
sxax!s ux os 
6X4 XM 106.5 BS 
SXI4Xo 108.9 68 
6X4 Kis m1.7 6 
6X4 XM 136.1 6.8 
, sxsMxe | ex | git | 40.8 38 
Ha) Gxa xt 199.5 78 
sxx | wx | p61 | sto 768 
Oxa x | xl | hs | 476 788 
sxsixe | xis | aot. | sto ca 
Gxer xls | axis | a06.5) | 95 68 
Oxe XM | axis [ray | 595 6.8 
——— - 








lompanion, 2985 Editinn, Carnegie Stee! Company, Pittsburgh, Pa, 
vol table, see pase 708. 





wo. 
Pam 
mm 
404 
433. 
6. 
456. 
478 
49. 


Ana ou hn Onan ee 


PSSLELSEREISSES: BSHSe 


6x4 XM 


SXIMXM 
6xa XM 
SX EX 
SXIMXM 
xa Xe 
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60 page 70. 
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'#} (Continued), Elements of Riveted Plate Girders 





























Sizes Weight per foot 
Web- 

th | Flanges | Flange | PSE | Piange- 

te, | angles, | plates, | a4 | lates, 

r in in id Nel) 

angles, 
tb 

6X4 XH 45.4 no 
sxauxis | ax | 154 | 408 no 
6x4 X14 19.8 99.0 
sxs4xis | 2x | 205.4) | 51.0 0 

ae | O4UXK | uxh | use) | a6 90 
sxsuxie | ext | uk | sro 9.0 
oxi Xs | uxik | usd | 59.5 9.9 
6x4 X04 | uxté | a3t.0 oS 90 
6x4 XH | exh | asro | a4 Ho 
ox XM | kN | usa | ome Wo 
SKaXH 7 S10 
x4 x 3 fie 

* SXIMXS 6s mo 
6x6 XM 10t > urs 
Ox XY 1069 a0 
6x6 XM is nye 
SRK st bet 
ox4 XH 135.9 a 
6x4 KM | uxt | ost | as7 8 
6X6 X% Mat 135.6 
6X4 XH 140.3 at 
6x6 XM ux 108.5 7 nse° 
sxx Bx 109.4 40.8 ne 
Gxq XM | axis | ost | 47.6 as 
6x6 X% uxh 10§. 5 47.6 nse 
6X4 xls 7 ue 

ag | sxe | exes | 03 | sr.0 a8 
6Xe XM ux 10.7 47-6 8 
6x6 X% | uX% | 1055 05 33.0 
sxx | xe | ust | sno 8 
6x6 XM ux 43 47.6 isso 
xs XM | axis | 07 | 595 wd 
6x6 X¥% | ux% | waa |" 595 as. 0 
xe XH | xis | as.9 | 595 7.8 
6x6 XM | uXh | ans | ga | mse 
6x6 xe ux 27 WS Ise 
6X4 Xi uxXh 125.9 ms ot 
6x6 Xi ux un ms nse 
OX« XM | XM | os | 4 a8 
sxoMxys yoko r02.4 
6x4 XM ns 103.4 

He) sane 120.8 103 4 
6x6 XM ure | 157.3 








ompanion| egts Edition, Carnegie Steed Company, Pittsbuirgh; Pa; 
ol table se pare fod. 
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{ (Continued). Elements of Riveted Plate Girders 


Sizes Weight per foot 
Maximum 























Web- end a 
| Flange | Planes | TM | Ptange | thousands 
te, | angles, | plates. | gat | plates, | ‘oe 
1 in in | ane | Ie | pounds 

ib 
taxis 156.5 16.3 
6xOx m3 25.0 
6xaxM 170.9 wh 
OX6XM 191.3 225.0 
OXaXTh 185.3 16.3 
oa |uxt | us| a6 | 6s 
6XOXT4 ag m0 
6xexy | uxt | ase9 | 47.6 
Oxax | uxis | uta | 505 46.3 
6xOxs | uxh | aseg | 05 m5.0 
og | OCR | axe | ass | os 106.3 
7 6XOxM uxh 156.9 ma 5.0 
6xexs | uxt | ana 233.9 
Oxax | uxs | a98.s 463 
sxexts | auxin | ores | a 22.6 
6xexK | uxXh | a9 | me 16.3 
6xoxK | uxN | sora | ie 235.0 
6XOKM uxt 3.3 95.2 25.0 
sxaxn | uxt | 09 | os “63 
6xOxM | uxt | sora | oa | za0 
Geaxe | uxt | usa | 92 146.3 
6xexis | uxt | akg | osa | aas0 
6XaXe 102.8 08.3 
6X5X16 113.2 1sTs 
6xax' 84 10813 
6X6x'4 12.0 as 
6xaXM 13.6 wr3 
6xX4ax ux 103.8 wo tors 
OX6X 190.4 Ts 
6X4X 16x 1ea.8 40.8 wns 
6X4X ua6© tor.3 
6X6X ux mya a7 asns 
a | oxexie | 6x | m2 | aos ns 
6xaxXe ux 103.8 6 100.3 
Oxexee | uxt | ama | 47.6 1st $ 
6X6XK 168.4 1375 
6XAXT6 163.4 rts 
oxoxs | 1x4 | mea | se isn3 
6xexis | uxis | ube | a7.6 wt3 
6xexis | ux | ya | ss 1515 
xaxis | 26x | ma | see 101.5 
GXO%76 186.0 isn 
6x6xM | uxit | uno | a6 157.5 














‘ampanion, x9r5 Edition, Carnegic Steel Company, Pittsburgh, Pas 
bol table, see saute 708, 
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ible 1V*1 (Continued). Elements of Riveted Plate Girders 

















Siees 
Web- Flange Flange- 
plate, angles, plates, 
in in in 
oxox | 16X% | ssp.5 | 16 183.8 
OxaxM | XM | 355.9 | B16 1 
| 6X6XH | uxh | 3 | me 185.6 
wax | oxoxse | x% | 193 | 952 8 
OXOXM | 6x8 | area | 81.6 183.6 
OXGXM | 16X% | Ta | 95.2 2.8 
OXOXTE | 6X1 | 394.9 | 95.2 ay 
OxaxXe 136.2 nso 
6X6XN8 349.8 2te.0 
OXaX Ast uS0 
GXOXY 368.2 10.0 
6XaXHK 165.8 1us.0 
GKOXM. 386.2 20.0 
OKA 180.2 15.0 
oxaxts | uxt | 62 | a6 45.0 
6Xaxe | x6x)4 | tie | Seg 135.0 
XOX mb a0.0 | 
6xexss | ux | 98 | an 210.0 
6xaxls | uxis | 362 | sos 15.9 
oxoxts | xis | 98 | sta 310.9 
GxOx's | axis | 498 | sos 210.0 
6xaxos | XS | asta | os 15.0 
exh | oxoxis | xs | x98 | @o 210.0 
oxox «| axXH | aup8 | m4 0.0 
6xaxe | 16X06 | asta | Go 135.0 
6XOxdK | taXi6 | sha | ws 210.0 
OXaxM | XH | ashy | Tha 135.0 
6XOX% | 16X36 | 266.2 | 68.0 210.6 
XOX XM 368.2 mA 210.0 
Oka | ux | 3658 |The 15.0 
6XOXM | XH | 36.2 | 81.6 210.6 
6xaxM | 6XM | 265.8 | B16 135.0 
OKOXM | uXM | Ba | Tha 310.0 
GxOX | 16X36 | 368.2 | 95.2 210.0 
6x6x8i | 16XM | 186.2 | B16 210.6 
6X6xM | 6x1 | 1N.2 | o5.2 306.6 
@XaxGe | 10x74 | 380.2 | 95.2 135.0 
OXOX36 | 16K76 | 203.8 | 95.2 10,0 
XaXH 0.4 ahs 
OXOXI 320.4 wHo.0 
exis | OxUxYs 326.0 1313 
6X6XK 06 180,0 
Oxaxh 14t.2 urs _| 
=—— 




















‘ocket Companion, 2915 Ealition, Carnegie Steel Company, pempgues 
‘Munation of table, see page 706. 
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tbles Used in the Design of Plate and Box Girders 715 
bte IV*f (Continued). Elements of Rireted Plate Girders 























Sizes Welght per foot 
= 1 ee 
Web- 
reaction in 
Web- | Plange- | Plange- | PM | Piange | thousands 
plate, angles, plates, | 5, plates, of 
in in in angles, te pounds 
tb 
exaxss | axis 76 
6xaxi4 | 36x hd 
8XOXT 
6x6xis | uxXl 406 
OxaxX uxt Bs 
6xOx\s | 10x14 Bhd 
6x6xys | uxt 5.5 
Oxaxne | 14x06 95 
6xexss | 16x% @o 
6x6X ux ns 
Oxaxie, || xt 60. 
6X6X! ux! 9S 
xi! 6xaxme | uaxdt 4 
GXOxIS | x0X4 60 
6x6x% | uxt ™4 
6X | KH m4 
6x6x% | 20KH a6 
6xaxM | AOX% 16 
6X6KH UX uA 
6xOxS | 10x14 95.2 
GxOxN | 16X% a 
6X4xT4 | 16xT4 952 
6X6xN 16x06 ha 82 
OXOK 16K at | 952 
OxX4Xe 146.4 
6XOxN 160.0 
6X4xi6 1606 
6xXOKNS 178.4 
OXIXM 176.0 
6XUXKT4 8.4 
6XEKM 196.4 
6xuxH | uxti | 64 | 46 
6X4x 6X ub4 aA 
axis | 6X6XM | uxts | too | 47.6 20.0 
6XOK14 uo 240.0 
6x | ux) ube | sos 162.0 
6xexis | xis | roo | see 240.0 
6xexe | ux | 160.0 | sys 340.0 
OXEX ux r61.6 ws 162.0 
6x6x44 | 16X% | 6.0 | @o 240.6 
6x6xu | ux¥ | i600 | 24 240.0 
6x4x% | XM | uit | G0 162.0 
ex6xs | ux | naa | ws 














200.0 | 





ket Companion, 1915 Edition, Carnegie Steel Company, Pittsburgh, Pas 
tation of table, see rare 70%, 





rire 








+ pigs Rolie Ciena ted By Carnegie Steel Company, 
t For explanation of table, see page 
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| rol aia Mpeg eee or 
# class of buildings the joists usually have spans of from 27 
of go ft, however, Heide Gots eld tp wed badd sates ae 
‘ten difficult to obtain, it is much better and more 


‘Sizes of joists 








Weight of Crowds. LJ, Johnson reports} result 
tain the weight of crowds ot men, in which he obtalned weights 


* Some building Inws use the term FLOOR-DRAM 
1 See Engineering News, April 14, 1904 





Loads on Floors m9 


ig lb persq ft, The last-mentioned weight was obtained by pack- 
|= room about 6 by tr ft in size. Profesor Johnwn also found 
pes fm the room, making a load of 122 lb per sq ft, the crowd was 
0 that « man could elbow his way through it only with persever- 
imained effort.” 

fed Loads, There ts much difference of opinion as to what 
(ald be made for the live load. Table IT shows the minimum 
five loads for different classes of buildings, as fixed by the build- 
€ cities mentioned. (See, also, page 149.) 


Minimum Safe Superimposed Loads for Floors, Required by 
Various Building Laws 





Mininiuse tive load per square foot of floor 








(baildimen | chi | Phit- | New | st. 

tuftalo,) Boston.) cago, |delphia,| York, | Louis, 

es | 1912) igre | 91a | 1906 | 910 

es a ee ee ee 
Henia anid lode’ | 

R fq |'s | © | w | 6 | bo 

ORO on aie Too ~ 100 7° T° 

Publicassernbly| 190 0 100 170 e 10 


tours and mix. | 
Asem) 203] 25% | 300%] xa08 | a20d | 50 








(Bear, 2s01b. Also sehoolhouses. 1 And upwards. 


ipinion of Mr, Kidder that the following allowances for floor-loads, 
ction with the values given for the safe strength of joists or bears, 
ite safety with proper allowance for economy, 


Lb per 
mah 
40 
so 
bo 
80 
6s 
fo 


ings, aenteee ‘rooms and hs TOOMS 





ibly-halls, dancing-halls and the corridors of all public 


120 
150 





for Stores and Buildings for Light Manufacturing. Floors for 
4, light manufacturing and light storage should be computed for 
120 Ib per sq ft, and for a concentrated load at any point of 


‘Dwellings, etc. Flours of dwellings, tenements, lodging-houses 
dotels, are seldom loaded with more than, 20 Ib per sq {t for the 
id @ minimum load of 4o Ib per sq ft should provide for all 


i 








Weights of Merchandise : cer] 


8 Floor-Loads for Stores has also been’ greatly overestimated. 
fey found that the averare load on the loos of the wholesale ware. 

feball Field & Company, in Chicago, was but 50 lb per sq ft, and 
{I stores will average over 80 Ib per 94 ft. An allowance of 120 Ih 
es for ordinary retail stores, with the possible exception of 


Fae Warehouses. Warchouses, on the other hand, may be very 
d, and the floors in buildings intended for the storage of merchans 
Je proportioned to the especial class of goods which they are de= 
pport. Table IL, originally compiled by C. J. H. Woodbury,* 
| some additions have been made by the Insurance Engineering 
{tation and by Mr. Kidder, will be found of assistance in deciding 
oad to be assumed for warehouse-floors. The weights per sqquare 
llele packages. If the goods are piled two or more cases high, 
|e square foot of floor will of course be increased accordingly. In 
ht to which the goods arc Hable to be piled is a very Important con~ 
fixing upon the floor-load. In ‘Table III “the measurements wore 
to the outside of case or package, and gross weights of such pack- 
i 
of Determining the Sizes of Joists, Beams or Girders Re- 
ny Building. As already explained, the first step is the making 
[bition sft coca be gone ict sicye ig mpeciat aatog 
span and flooraren supported by the different jolsts, beams 








‘Table TI. Weights of Merchandise 









































| Measurements Weights 1 
Materials | Con ead 
| Room | cor. | Total. | Pee 
sak | cafe | | sah | eat 
we) m3) ae 
ws | 6 | us 
tooo | us | a9 
wa | 7 | 35 
0 | Ty at 
30, ] foi. 
[e's 
mo) e | a, 
ae | | a 
om | a | 
so | 2 \| 20 
|, 350. | adspile6s 
| 450 | a} aa 
| 3 | ay Le 














# The Fire Protection of Mills, page 118. 
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tur, on side... sa | as | ss | 
tur, on end. ge | ak | je] ae 
fh! 36] uz | x | 3 
sg] m8} 9 | 7 
36 | 6 | a9) an 
20] mh) st] 
sas} as | ma | a 
sas| 10 | sy | 39 
5.a5| 350 | 6 | ap 
sa5| mo} st | ay 
| 39.2 | taco |) tor ary 
& | 39.2 | 1heo | 167 | 6 
ao | 90 | Ms | 18 | 
ao} 3a] te | a | as 
46) 42 | 16 | 100 | ap 
a3 | 68 | Go | wo | 
ao | 15 | a9} a9 | a3 
30 | 1s | am | 7 | 3s 
rot} o® | ss | sz | 30 
Wecrattesessesne 36 | as | as | & »” 
frit, American. . 38 | geass] we 
‘ent, Ervetints } 38 | ss | 400 | tos | a3 
Wetec cose 37 | 68 | gas} om sy 
3.0 | 90 | 40 | ra | 48 
aa [32a | aa | to] ow 
; v1 IER a 
1 | B | #8 
; 60 
tho | 10 | 40 
Goo!) sa] 
we | 6 | 16 
wlan | 8 
qo | @ | ty 
ye jour | a 
wo | az | 16 
ai ajo 
“7 a 
30 “5 
| i Beis » 
feof grain in deep bins, vee Roginesring News, March 19, 1904, pages 734 
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Fig. 1, Plan of Ploor-jolste 


span and support equal floor-areas. 
ported by cach Joist is equal to the span, 
feet. ‘The Loan on each joist is equal tor 
sum of the dead: 


L= 18 ft, S= 6 in or 14 ft, and that the timber is common 
joists arc to suppart a plastered celling and a double oor ol 
What should be the size of the joists? 

Solution. ‘The FLOOR-ARRA supported by each Fes 
From Table XU or XX 142 fora 
‘will probably have to be at } in, and their 
por sq ft (see Table 1, page 7 
the flooring 6 Ib per sq ft, making the total weight of the floor 
For the superimposed load we should allow at least 40 
719). This might be greater, if exacted by any 
foad on a single joist will, therefore, be, with these 
by 24.sq ft, oF #492 Ib 

From Table VIIE, page 6y9, we find that the 





‘Computations for Wooden Beams and Girders ‘725 


Pine joist of 1 {t span fs 625 Ib; hence to support 1452 Ib will 
fadths equal to 1457/6253 = 214 in. Therefore, to comply with the 
| for both strength and stiffness, the joists should be 214 by 12 in. 
ta stock size. Joists 2 by ¢2 in, 12 in on centers, may next be 
f Jolst must support 1116 Ib, requiring, by ‘Table VHT, page 
¥ 12-im joist, determined hy the quotient 116/625, So that, ia 
|} White-pine joists of a nominal sive of 2 by 12 in and spaced t2 in 
tight be used, although they are slightly under the required depth, 
ed size is about 1% by 1714 in. From Table VI, page 657, the 
Actor fs x,61, and 625 Ib x 1.61 = 1 003 Ib which is less than x 136 Tb, 
be supported. From Tables XII and XXU, pages 737 tind 742, 
fp spans for 2 by rz in white-pine joists, 12 in on centers, are 19 ft 
in respectively, according to the assumed value af the modulus of 
white pin Por 3 by 12-16 joists, 16 in on centers, the load is 
14 506/625 = 2% in. Tho drossed size is almost 24 by 1114 in, 
wnfactor, 2.55, and 623 x 2.53 « 1 576 lb, an amount greater than 
bles XUEE 














‘2 
| Second Story 














Floor Joists 





itic joists, 
1 be the 
pee Pig. 2 Section Through Floors anid Partitions 

re 
L srmenomi, the timber being (air-quality Eastern spruce with a 
ne assumed to be 700 Ih per aq in for flexure? As the effect of a 





load, compared with a distributed load, in producing deflection, 
s the comparative effect in producing rupture, whenever a beam 
able CONCENTRATED load it may be calculated by the formula or 
meNore OnLy. 

‘Theo first step will bo to determine the load on a single floor-joist- 
fe, a8 a trial, that the joists are to be 2 by 20 in, 12 in on centers, 
jfirst-story and second-story coilings are to be plastered, and that 














nputations for Wooden Beams and Girders 


ee ee ee ore 
oe the width. Hence, the architect will be governed be 
or 


he same as on the trimmer, 7, except for the cross-partition, 
eight of this partition, we have 14 399 ~ 400 = 9 $99 Ib for 
bributed load on R, which, from Table X11, page 643) ives, for 
idth 10.88 in or 8.8 in, depending upon whether the deflection 
Nidered. (Other vatlatioas lato: wopaled width of a isin 
Ul resuit from the uso of other Giber-stresses. 


‘he floor-area supported by the girder, G (Fig. 9), 4s equal to 


ind a pera fay 2 Iperf hor, ore, ao that we 
84 ft for the total floor-load on this girder. As girder G sup- 
his will be equivalent fo ¢7 s681b. ‘The girder supports, also, 
ligh, above, which will weigh 12 x 9 x'20~2 160 lb. “The total 
girder should be proportioned is, therefore, 1g 728 Ib. As« 
the depth of the girder, we find from Table XU, page 645, 
fora x by s4-in long-leal yellow-pine beam of 12-ft span is 
he breadth of girder, G, should be rg 728/1 $67 ™ 10.56 in and 
Filer could be used. 
(Pig. 3), supports a floor-area at the left of 12 x\t2 144 sqft, 
‘a distributed load of $ 784 Ib On the right side of the girder 
floor go in wide by 12 ft long (8 in of the floor being included 
| whicts will weigh 2440 1b. "This may be considered as a con~ 
(plied 20 in, or oneseventh the span, from’ the end of the 
paso the effect of the load is practically the same as if the load 
The load coming upon girder G’ from T will equal one-half 
uted load on 7, plus three-eighths (¥4 of 34) of the load on Hf. 
we found to be 10 410 Ib, and throo-cighths of this is about 
ictual distributed load on T we found to be 1554+ 4 S0o= 
(half of this is 3177 Ib. Hence the trimmer, 7, transmite a 
(177 = 7.07 th to the girder, which must be considered as a 
applied at one-third the span from the support, and hence we 
hy 178 (Table . page 633) to obtain the equivalent dis- 
tich gives 12 597 
fiich the girder, Ae (Fig. 3), should be computed wil be 


neat phe daft ast.th 
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‘Table V. Safe Live Loads * in Pounds per Square Poot fi 


‘See explanation on pages 730-1. ‘The loads are based on the | 
‘Strength: S = 1 osoth per sq in, A = 56; stiffness: B = ¥ 200% 


SHORT-LEAT YELLOW PINK, 





Thickness 
of planks, 

















| ‘Tables of Safe Loads for Plank Flooring 733 


WWE. Safe Lire Loads* in Pounds per Square Foot for Plank Mooring 

Hexplanation on pages 790-1. ‘The loads are based on the following values. 

th: Se soolb persq in, A= 44; stiffness: B= 1 200 600 Ib per sa in, «= 93 
SPRUCE, NORWAY Dist AND WIRITE prs 




































Ene Distance between centers of floor-bears, in fect 
tale - 
F al[s|elz nu |on 
k am | us | 3 | 76 
od 3 Se x» 
a Br cal 16s | 12 
|_a70_ | 18) | 110 | 
1 39 = 163, 6 
| 394_|_170_|_ 107 6 
a BOs | 264 107 
| wo |_35t_)_ 33 Ei 
[ |sta°| us | uo 
jaerdhe 8s 
S| esse | mas | 90° | ae 
ie 2 366_| 128 
ve | 76 | SoM we | abs 
7 387 | “aan 











felt of ceiling, if any, and also of the flooring iteelf i to be deducted from thicse 
WL. Sate Live Loads * in Pounds per Square Foot for Plank Flooring 
explanation on pages 750-1. The loads are based on the following values. 

nF = oo Uy per sq in, Am 39; stifiness: £ = 1 00 a00 Ut per aq in, 6, = 27 
(OR HEMLOCK AND WOODS OF SIILAR STRENGTH AND STIFFNESS 












































ines Distance between centers of floor-beams, in feet 
aks, -— 
6 7 8 9 | u 12 
| 
= i} 
a | & | 
—s.)_ 8 |. vii hose + 
uy 108 a 
_w | a| » 
i | 6 | ux 
wa | 9 | | " 
mp | au | 179 | cy 
aoa_| iss | 134 s 
a6 | 96 | am | Ton 
5s 
16 
rot 
Fr em 
40 | “us | 











(git ol ceiling, amy, and also of the flooring itself Is to be deducted from these 





* Weight of ceiling. if any, to be deducted. “The 
from values derived from formulas. Deduct 
Table IX. Safe Live Loads* in Pounds per Square Inch 
‘See explanation on pages 730-4. The loads are t 
‘Strength: S = 1 620 lb per sq la, A= gy stiffness: E— 4 425.0000, 
Recommended by Mr. Kidder for. 


DOUGLAS FIR AND SHORT-LEAY YELLOW PONE 


lass 
ilsales 


us 











‘Tables of Safe Loads for Plank Flooring 


736 


&. Safe Live Loads * in Pounds per Square Foot tor Plank Flooring 

txplanation an pages 730-1, The loads are based on the following Values. 

[S= 1 260 1b persg in, A= 70; stiffness: B= 1 294 00 Ib per sq ia, 4 = 209. 
Recommended by Mr. Kidder for 


SPRUCE 





Distance between centers of floor-beams, in feet 





5 6 7 8 


1 



































ay | iss | ur) 83) 8 | ge 
or |_| #8 | 15 | 8 
8 [ase || | os | we 
wa | 108 | Ge | 9 | as | ts 
6 [se | aay | mie | ua | tts 
ger | arse] 106) 966] aa | ah} oh] ee. 
er | 58 | ant | 206 | ase | rae 
Sue | 367 | 225] 146 | of | 68 
sa | 405 | ary | asa 
a | 22s | ssa | 08, 
fp | Sah | soo | 402 
2} 4s. | aut) aia 
ea | oan | vas | S88 
188 | 789 | 548 | 398 


Hit of ceiling. any, to be deducted. ‘The weight of the flooring has been deducted 

les derived from formulax Deduction about 72 Mb per eu ft floor-material. 

[. Safe Live Loads * in Pounds per Square Foot for Plank Flooring 

tuplamation on pages 730-1. The loads are based on the following values. 

S = role Ib par sq in, A» 60} stiffness: B= x 075 020 Ib per 4q in, 2 — Ba 
Recommended by Mr: Ridder for 



































ware Pose 
-= Distance between centers of floor-beams, in foot: 
\. 7 
- 4 ‘ | 9 
*| | 
os ee 
6 » 
| 
18 naz 
_s | u 
26r 23 
bid us 
us | 369 
ahr | tay 
set | 46 
366 | 35 
7% 69 
ons “4s 











pes) from Dedluctloa about 72 Ib per eu ft Hoor-materis), 


;tobededucted, ‘The weight of the looring has been deducted 











‘ables for Maximum Span of Ceiling and Floor-Joists 737 
Table XU, Maximum Span for Ceiling-Joists | 























‘See explanatory notes on page 736 
‘Total fond, 26 pounds per aquare foot 

q | Norway Douglas | Long-leaf 

i Hemlock, | white pine pine or | ficor | yellow 
|= re73 cco, spruce, | Texas pine, pine, 
| paced peed [Rew 294 000| Bm 435 000) f= 780 000] 

= \& in | tf in) tt in ft in ft in 
ws [a @ 
9 s to t 
1 a cd 8 
i 2 1s 2 
9 | an 4 
cd m » s 
I a 6 i] 10 
Bb | ae 
6 oo 3 3 (to 
» ao 7 | ee 
a 9 4 u 7 
6 6 3 a . 
= 4 3 26, 3 








bed ee 
* EB bs the modulus of elasticity and is in pounds per square inch. 


‘XII, Maximum Span for Floor-Joists for Dwellings, Tenements 
and Geammar-Sehool Rooms with Fixed Desks 

























































See explanatory notes on page 736 
Total load, 6o pound per aquuare foot 
Norway | Douglas 
Distance] Memiock: | Wnitepine| pine or | fr or 
= “j IR=1 073000) apruce, | Texas pine, 
poeere) SR Mat a4 000) =r 435 000) 
in | hin | nh in | he in | ft in 
w | 9 9| 9 w&) a ww) 8 
6 5 9 s 8 9 9 to 6 
nm u 1 u a a a $ u 4 
oJ 19 + 10 2 10 Mm a nu ' 
ma fm mia +] a uo sia 6 
ww fu go) u ww} a a. tan 
n u 9 “mo 16 6 6 0 8 
6 n 6 sy 7 “ ag e 6 2 
a |G 2) «| mw co) m4 
bo big oh me! 35 ne Lay 
Fatal load 66 pounds por square 
° ® ' 19 » a at 6 
3|% s| a7 ® 2) 9 6 
a w y ° nD om 2 6 
v 2 7 3 8 19 ° » 6 
ct 6 7 s a 7 s as 9 
9 7 9 S| om a 9 a 5 
a ° 2 2 a “ 4 26 3 
m ol 4 | a 2 a | ay 0 
2 8) a 10 | a 6 3| 8 4 
a 6 a & a a 10 3s 6 
ss 4 3 4 7 a @ » ‘ 
° o | 4 7) 35 4 








© Bis the modulus of elasticity and és io pounds per square inch, 








Sizes | Dig 
_of aad White pine) 
Folsta | certers |"Emt oryece 
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ite, 
5 009, 
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‘Tables for Maximum Span of Floor-Joists 





XVI. Maximum Span for Floor-Jolsts for Assembly-Hafls and 
Corridors 
See explanatory notes on page 736 





‘Total load, 123 pounds per square foot 

















Distance] white pine, | Norway vine | Douglas Ar | Long-leat 
on |e et eny ese] po aMuC, | or Texas pine, | yellow pine, 
enters 32°2) wt apecoo | H=xaagcoo | E=1 780000 
in fin | fh in | in [kin 
@ Levi, FS ee ie eae 
cd wr 5 bis ‘ ais 9 n 8 
a ww] ya 9 | uw 2 | is 
6 no oy] m@ 6 | wea | 3 40 
a u 8 a7 8 6 2 7 s 
6 uo 4 u a “ 9 sto 
n 3% 4 6 6 7 ° 8 a 
id u ° as is Ss 6 7 
Total load, 126 pounds per 
a "6 * & m” > oO 
16 3s 0 | y 0 | m» 7 | wo 
n 7 wy + i) s ca 2 
” 6 2 ” 4 7 19 a 
a 9 3} wo 6) a a] as) 9 
36 ee | 
” 7 s a 9 ” 6 “ 3 
16 Boor hw wi bio 6 | mt 








is the modulus of elasticity and is in pounds per square inch, 

















lo XVII. Maximum Span for Ploor-Joints for Retait Stores 
See explanatory notes on page 736. | 
“Total load, 174 pounds per square foot 
Norway pine | Dougiag fir | Longleal 
Distance | White pine, | “or spruce, | o Temas pine, | yellow pine, 
oa | econ i Sut 60 Smt 620 Sm1 Boo. 
centers: fetes he Ib persq in | th persq in | tb per aq in 
A=7 A Amt 
in tin | ft in | on in | on iw 
ry CAR a 7 " t u ry 
6 9 uw] wo 2] 2) 2] nm 9 
a " 8 a 5 uM 5s s ' 
6 wm 2 wo n Ww s n : 
RB uu 4 1s 6 7 7 6 7 
6 esis! S| Ts a. Pewee 
a mu t is 2 7 2 ™ a 
6 a a nu 1 u a 1 a 
Total load, 177 pounds per sauare foot =| 
a y 2 5 » um ” : 
16 uo o |e 2 | 1 
2 Fe a ee QS 
16 Se PRA SP xd. fr FB cans 
a | ap em Fh gueh Tag eae wa PE a} 
6 Wie eel ct i fo vm 4 
1a pee Ge er tag the Raat an Deh 
16 a a 15 i at 2 2 3 























tables in the coeficient of strength for beams and is one-tighteenth of the 
neural fiber-stress, §. For values of A for other woods, sce Table Hy page 

















Table for Maximum Span of Rafters ma 


© XX* Maximum Span for Rafters, Slate Roots Plastered, or 
Gravel Roots not Plastered 


‘Ses explanatory notes on page 136 









Total tow, 66 pounds per square foot 

























Norway | Dowilae 

[Distance| Hecslock, | White pine,| pinese | firor | Loneleat 
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Lie le dementy wnay ey rg grime = Perl 

thera States, where there is very little snow, the spans 

alate or Saran Whe haa ae eed % tno Ok oleae, 
spans” io different tables. for the same kind of wood. depend upom 

safe flecital fiber stress or modulus of clasticity or both, 

tables is the confficient of strength for beams and is one-eighteeaths of the 
fiber-stress, 5. For values of A for other woods, see Tatile 11, page 
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Total load, 66 pounds per square foot 
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Tables for Maximum Span of Floor-Joists 
ie XXII Maximum Span for Floor-Joists for Ofice-Buildings 
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elasticity and 
(XIV. Maximum Span for Floor-Jolsts for Churches and Theaters 
with Fixed Seats 
‘See explanatory notes on page 756 
Total lood, x62 pounds per square foot 
: - Sheetlal | Loneleal 
Distance) Hemlock, | Whitepine,| Now |yellow pine.|yeltow pine, 
fe B= 900 0591 coo 005 cool , spruce, | Douglas Be, 
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‘E is the modulus of elasticity and is in pounds per square inch. 
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‘Tables for Maximum Span of Rafters 75 
VIL* Maximum Span for Rafters. Shingled Roofs, aot Plastored 














See explanatory notes on page 736 

‘Total load, 48 pounds per square foot 1 
7 te pine,) Norway | Southern | Southern 
stance) Hemtock, |/"PRepine| pine, | shortleal | lonseleal 

SAN) $= boo Ib [Douglas fir, yellow pine,| yellow pine, 
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(XVILL* Maximum Span for Rafters. Siete Rooft, not Plastered, 
‘oF Shingled Roofs, Plastered 

See explanatory potes on page 736 

‘Total load, 57 pounds per square foot i 


‘te pine.) Notway | Southern | Southern 
Homlock, ero pine, | short-lenf | long-leaf 
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XXVIL and XXIX are intended for climates where 
In the Southern States, where there is very little snow, the spans in 
FTE will be safe for state of gravel roots if the joists are sawed to the full dimen 
ations in “Sale spans” in different tables, for the same kind of wood, depend 
ieumedt safe flexural fiber-stress or modulus of elasticity or both. 

beote with Table XVI. 
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XXVIII 
ucpael, ‘in the Southam Stet: Wier 
Tale rises will be safe for slate or gravel roalls 


bop the sted sf ere Si eat 


T See (oot-sote with Table XXVIL. 


To Determine the Strength of an Existi 
is leased for mercantile or manufacturing p 
desire to know the greatest load which it will be safe to put 
and some building laws require that the safe load for the 
of buildings shall be computed and. posted in & 
It is therefore important that every archi 
safe strength of any existing floor. ‘The 
that of proportioning @ floor to a given load. In 
floor a distinction should be made between the 
‘The surr eraxvcrm ahould mean the maxlasu safe Yo 
ing the weight of the construction, flooring and ceili 
tefers to the maximum load which may safe 
safé load Is found by first computing the 
the weight of the materials forming the floor, inch 
is one, The most convenient measurement for 
the sare Loan of a tloor is io pounds per squace foots 
will serve to show the methor! of determining the safe 





mination of Strength of an Existing Floor AT 


‘mq in for the safe flexure fiber-stress for the wood of which 
ders are made. The joists are covered with two thicknesses 
id the ceiling below is corrugated iron. 

pc Parmer nlermbleratteN alae hen 
house-floor we will use the tables for strength throug! 

Fosse Bak S50 Sim 200 Us pet ore ter ieaara 
¢ t4-ln joist of 22-ft span to be x 388 Ib; hence the strength 
fb joist will be 1 188% 214— 2970 Tb, As the joists are 
exch joist supports a floorarea of 14x 22 ft a9}4 sq ft. 
{8 PER SQUARE Foor of this portion of the floor will wherefore 
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Fig. 4. Plan of a Warebowe-loor 


Ib, ‘Suppose the estimated weight of the floor per square 
Joists, 6 Ib for the flooring and x Ib for the corrugated-iron 
Win all, ‘Then the sare LOAD PER SQUARE FOOT for the a2-(t 
+ as = 86 Ib. 

We will next find the safe load for the 4 by t4-in headers at 
(taie-well. As the tall-beams are framed into the headers, 

‘one inch from the thickness of each header for the loss of 
ig; leaving 3 by 14 in for the effective dimension of each. 
page 643, we find the safe strength of a1 by r4-in beans 

4857 Ib. Hence the strength of the 5 by 24 will be 1 867 x $ 
floor-area supported by each header is 444% 13 {t= sq sa ft} 
gexGTa of th header per square foot of Boor is s 604/54 
¢ the weight of the floor per square foot, we have t04— ts = 
oan. 





fomer of Pie. d ssxports abut the same amount of Boot- 
god supports ale, the ends of the headers. 
(bieeen af the eneaniae foists, wehave as by rin beam 





floor. 
‘Bxample 3. 
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Bridging and Framing of Wooden Floor m0 


dards set at rightbangles to the joists and fitting in between them. 
of this bracing is of decided advantage in sustaining any CONCEN- 
upon a floor; but it does not materially strengthen oor to resist 
‘&Y DisTRIDUTED Low. The 
© stillens the joists, and pre- 
from turning sidewise. It is 
\p insert rows of cross-bridging 
[fe apart; and to be effective 
bridging should be in straight 
he door, so that each bridging 
abut dircetly opposite those 
it. The method of bridging 
fig. 5, and known as cnoss- 
‘considered to be by far the 
{ allows the thrust to act 
the axis of the strut, and not 
grain, 5 must be the case 
© pieces of boards are used, 
jg should be of tM by 3-in 
by icin and sinaller joists, 
grin stock for 12- and 24-in 





of Wooden Floor-Beams. —Fig. 5. Floor joists with Hridging 
f& tenements andelodging- 
frequently necessary to frame the timbers’ so that they are flush 
ther, “The ald methods of framing the tail-bears and headers or 
trimmers by mortise-and-tenon joluts are now generally superseded 
the timbers in stirrups or malleable-iron jolst-hangers. In this con- 
struction the entire strength 
of the timbersis retained, while 
the cost of the hangers is often 
Jess than the labor-cost in pre 
pariug. the mortise-and-tenon 
joints All headers 6 ft oF 
more in Jensth should be 
carricd “in joist-hangers or 
atlceyps and this is usually 
required in tho building codes 
of the large cities. In ware= 
houses and all first-class build 
ings the framing should. be 
done by means of jolst-hangers. 
For light floors, with moderate 
spans, it is generally safe to 
frame the tall-beams into a 
header, provided the latter is 
strong enough to carry the 
Framing of Jolsts into Header Joad and allow + inn thickness 
for the mortlsine. Headers, 
frmbt more thin two tail-beams are often framed into the trimmers. 
Wd methods of framing are used Instead of the superior methods 
lagers, the best shape and proportions for the tenons and ends of 
is Gr headers are those shown in Vig: 6. "This form of Iraming 














is loaded to its full ptrength, the tall-beam will » 
tenon, as shown in Fig. 5, which illustrates 
mortise and-tenon framing. : 
Stirruy d Joist-Hangers. The first « 
Prectin ahve mortising was the wro - 
‘These are made cither single o double, depending 


upon 
‘beams are to be supported, To prevent the floor frocs spr 


DOUBLE sTinnUP 


ot) 


altting the header to slip out of the stirrup. a jolnt-bolt m 
shown in the two right-hand illustrations of Pig. % ‘To de a 
Seager mullet te scelaal are ch eee a 
it + bake 3) ‘ 
"Bhs tllowg Sine sh on Seren wena on 
Of Joints to be supported 








Fa. Aside from the matter of strength there are objections to 
ips: If the timber on which they rest is not perfectly dry, the 
leby an amount equal to the shrinkage of the beam on which they 
frm the header with them, and the projection of the iron above 
Imbers will necensitate cutting out the flooring. If the stirrups 
this way thelr appearance is objectionable. While they may 
resist any tensional stress the resistance of steel to bending 
y small, and the resulting crushing of the timber where they 
ke Is the chief objection to the use of stirrups of this type 
ded Moors. The small bearing of a timber on a stirrup is 











GP 
Pini 
ag 





disteibute the load on the wood over the required area. This 
faring per square inch, allows the hanger to crush into the edge 
aighten out the stirrup as shown in Fig. 29, page 957. The 
(jection applies to the use of steel stirrup-hangers in brick walls 

free of the walls As previously explained, all the load is 
extreme edge, causing a much greater load per square inch on 
lam is allowable. Fig. 10* shows the effect of crushing, in ® 
ing in Minneapolis, Minn, Wall-bangers made of  stoc! 
not be used. Patented stecl hangers riveted to bearing-plates 
ty undesirable as the crushing effect is greatest at the outer 
fatralghtening-out tendency of the hanger at this point. 

12 illustrate the Duplex and Goetz jolst-bangers, which are 
‘¢ claimed to be superior to the old-style stirrups. ‘The Duplex 
not only for ordinary building-construction, but for the most 
nill-construction in factories and warehouses. As these hangers 
Weable iron they will not straighten out when heated, in case of 
the beams. ‘That is what happens to wrought-stee) stirrups 


b puper cor “Jolie soot Wall-Hzapers,"” read by Mr. F. E. Kidder at a 
biack Caster af tbe American Jastitate of Architects, February a7, 





Fig. U1, Duplex Joist-hanger: Fig 12, Goets Jn 


As shown by the illustrations, they are made to be inset 
in the side of the carrying timbers, at or a little above 


iections to Le stireup, yrevionaly crendiemathe wm 
anges ve ‘coatedae oA Neve, wide, Yorcwatheaeton Nan . 
Ror etead are’ Shun ana on an nto conenrao 


al 





Joist and Beam-Hangers 753. 





beanies Hanger, Joists Fig. 18, Duplex Walltanger for 
‘More than Four Inches Joints 
bad 


in high, which serves as a tie when the joist is placed in the 
provides a bearing of at least 454 in for the joist. It is made 
bet of regular size, and offers one of the best devices for framing 
tor fee the same 
Angers are bolted to the 
beam. Fig. 14 shows the 
shelf-hanger which is used 
iruction requires the joists 
Wwe the lower flange of the 
ngin. Fig. 15 illustrates 


tl 
In both these construc- Fig. 17. Duplet Steel Wall-hanger. for 
bolted singly or Large Beams 


earried on the lower flanges of the beams. Fig. 16 shows & 
made to support the wall-end of « oor-joist. This form of 
considered much superior to the method of building the 








(Duplex Wall-hanger foe Mi)-consteuction 


(all, na it absolutely: prevents drat, and permits the joists to 
& age ti Age It ale gives the load 4 good 
Phe 17 iwstrates the Dupler steel wall-hanger for larger 
abows the Dupes extra-beavy wall hanger for the hes 





Fig 10. Duper. Walbtange 


Grn et vey trai 
with some other types of wall-1 Te 19 

saad iermoseten Oh eallsccueteeaalereieaae 
lta ued fo pale wo ay ee 
In the walls, and also provide an 

clear of the walls, he dea nesses fn Pg 20 


Pig. 21. “Ideal” Weought- 
steel Beam-hanger 


steel and corrugated at the points where it is bent over.” 

tends to prevent bending at these points. Fig. 21 

the Ideal hanger with holes for spiking to a timber. 
In 





: Joist and Beam-Hangers 


755 
Mate and in position to be built into a brick wall. Other illustrations 
igers are given in Chapter XXIT. The Van Dorn hanger, illustrated 
is ‘irrup forged from high-grade steel, ‘The few tests 
een made would seem to indicate chat it developes a greater ro- 
> Bending than the ordinary stirrup, while it gives a wider bearing 








fas Dorn Beam-hanger Fig. 24. Yan Dorn Wall-hangee 


at and peesents 2 much neater appearance. Fig, 24 shows the same 
feted to a bent iron plate, to build into briek walls. Whon the hanger 
sed over a sted beam the upper ends are bent to fit over the flange of 
(tein Fig. 25, “Although I know of no test of the steength of a Van 
fam hanger, it would seem as though it must be much stronger thas 





Fig 26. National Joist or Beum-banger 


im made for wooden beams, on account of the clinch over the flange of 
ft ‘Tho Van Dorn hangers have been used in many important build~ 


(Onna 27 show the genera? form of two other patented joist-hangers, 
thsored frost plate steel, Both of these hanger, also, arc made to be 
°F, & Kikier, 





Fig. 27. Lane Joist or Bear-hanger 


i 
trimmer which supports a load over a 

need be considered at all, From teste made at various ti 

and on gitder-hangers, it would appear that, under extr 
hangers usually develop great strength. A two-part 

by 14in girder, sustained a load of 8.000 Tb withonit 

itself. A sienilar hanger held until 
loaded ‘up to 39 so Ib, when one 

side broke off short under the 

nipple projecting into the timber, 

the condition of the hanger ‘after 

failure being shown in Fig. 28. A 

common stirrup made from. by 

2¥ein wrought iron failed under a 

Tond of 23750 Ib by bending and 

pulling over the header, as shown 

in Fig. 20, A 6 by rein stoel 

hanger “began to straighten out 

under a load of 13 300 Ib, and failed 

to hold under a load of 18750 

Ib."* Simate hangers | of the 

atireup-type BO Nor HREAK, but fail 

by the bending up of the parts 

which lie over the top of the header 

as shown in Fig, 29. They also appear to crush the wood und 
ticularly at the edges, to a very much greater extent thatt toe 
the Duplex hanger, With a ponte stirrup the ultimate strength & 
by the strength of theiron. ‘Thus, double stirrup, made of % by 
iron, was loaded up to $7 650 Ib (28 82s Ib on ench side), when 
‘of the lower comers. A tingle stirrup would of course be 
could be kept from bending. In actual construction the 
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‘Comparative Strengths of Joist-Hangers 
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‘See, also, Engineering News, Nov. 20, 1902, 


E. Kidder, 


da | 3H 


construction is, in many instances, 


bringing these types into more 





What Mill-Construction Ts Not 759 


ops. Tt consists in separating every floor from every other 
inbustible svors, by installing automatically closing hatchways 
fg stairways either in brick or other incombustible partitions, #0 
be retarded in passing from floor to floor to the utmost consistent 
if wood or any material not absolutely fire-proof. 
ptardants. It consists in guarding the ceilings over all spectally 
ck oF processes with Frek-ReTARDANT MATERIALS, such as plaster- 
wire lath or expanded metal, or over wooden dovetailed lath, 
lines of the ceilings and of the timbers and leaving no interspaces 
plastering and the wood: o else in protecting the ceilings over 
faces with asbestos, air-cell boards, sheet metal, Sackett Plaster 
ier Gre-retardant. 
afeguards. It consists not only in so constructing the mill, work= 
‘house that fire will pass as slowly as posalble from one part of the 
yotber, but also in providing all suitable SArROUARDS AGAINST FIRE. 








‘3. What Mill-Construction Is Not 


led Spaces. Mill-construction does not consist in so disposing a 
\y- of materials that the whole interior of a building becoroes a SERIES 
EeL24, or concealed spaces, connected with each other directly or 
rough which fire may freely pass where it eannot be reached by 


{ Timbers, Fire-Stops, etc. It does not consist of an open-timber 

‘of floors and roofs which resembles mill-consteuction, but which 

light timber of insufficient size and with thin planks, without fire 

suards from floor to floor. 

ays. It does not consist in connecting floor with floor by com- 

JODEN STArRWaYS encased in wood less than two Inches thick. 

fons. It does not consist in putting in very numerous Leont, 

ts10Ns or partitions. 

hing and Farring. It docs not consist in smearmuse brick walls 
when the wood is set off from tho walls by yuxRino, and 

(are stops behind the furring. 

sh. It does not consist in permitting the use of vaRNtsit on wood: 

(bleh a fire will pass rapidly. 

» Fire-Shutters and Wire-Glass. Tt does not consist in leaving 

posed to adjacent buildings and unguarded by rixe-sworreRs of 


ing and Dry-Rot. It docs not consist in painting, varnishing, 
‘casing heavy timbers and thick planks, as they are customarily 
nd thus making possible what is called pRy-Ror, caused by a lack 
[8 or opportunity to season, 
Kders, Pumps, Pipes, Hydrants, etc. It does not consist in 
tthe best-constructed building in which dangerous occupations are 
hout AUTOMATIC SPRINKLERS, and without a complete and adequate 
if roars, rmees and HYDRANTS, 
Whing in Wood and Other Materials. i¢ docs not consist in 
Woop ze zexsserene « builliog after the foore and roof are laid than 
ancmecney, atice there are now nsvay xafe methods available at low 
Gewalle wont coumtracting partitions with stow burning oF ine 














Standard Mill-Construction 


Fe eee i they are sharoaghly seanooet Tinie 
Fearepcered by womecainero, and piers haloes 

as are ¥ some engincers, and when a 

itic sprinklers, such snc as ae pod aac, ‘but 


iF 





(teap and Pintle for Floor-timber and Fig.5, Roof-timbers on Colurmn- 
‘Columns cap 


fe-resisting as wooden columns. Wnoucirr-mon or srket CoLUMas 
reused unless encased with at least 3 [a of fireproofing. 
(should be placed as high and made as wide as possible to obtain the 
pant of light, and the use of xiwsep GiAss is recommended for the 
” 
and Vibration, In computing the size of the timbers 

the working-load, consideration must be given not only to the weights 
{be carried, but also to the CHARACTER OF TIKE MACRINERY which is 
fon the floors. Beams of sufficient strength to support the weights 
= deflect under the weight and action of the machinery; and there 

three factors WEIOIT, DEFLECTION and VinRATIONy-which mest 
o in determining the width and depth of the beams that are to 
he structure. 
pable Types of Construction. “We do not approve what has 
(mses miscalled sit-cowsteuction, that is, longitudinal girders 
|. pests and supporting Boor-beams spaced 4 ft, more or less, on 
his mode of construction not only adds to the quantity of wood 
‘e disposal of the timbers obstructs the action of the sprinklers, pre- 
feeping of a hose-stream from one side of the mill to the other, and 
also obstruct the most important light, that from the top of the 


(Ventilation, Painting, ete. ‘Timbers, unless known to be thor- 
bed, should not be encased in any kind of air-proof plastering nor 
b oil-paints; white-wash, calcimine and water-paints may be.ased, 
porous. Ase tule, timbers should be LErr UNPROTECTED, since & 
will serionsly impair and destroy heavy timbers will already have 
re upes other parts of the structure. 

(d’Compound Beams, While, in general, snore means should be 
tie instances it may be desirable to substitute compounn mass, 
stening two or Leciyleeres beams or thick pliaks side by side. It is often 
oako Jumber ia sesall dimensions. Such COMPOUND 
Whe tiekthy bolted toxether without ainspaces, and owing to th 
(06 sivwhd not be painted or varnished lor three veare 2 








Standard Storchouse-Construction 765 


(ble walls. All openings in theso walls should be protected by 
(&-boons, preferably self-closing, In modern practice all, belts 
dh may be used for the transmission of power to the various rooms, 
ENOOMHUSTINLE VERTICAL DELT-CHAMBERS, from which the power 
‘by shafts through the walls into the several rooms of the factory. 
‘be wo unprotected openings in the inner walls of this ELT 


ove Roof. Skylights. All smarts for srAtes, ELEVATORS, 
hould extend at least 36 in above the roof, and all such shafts 
possible, on the outside of the building. Elevator and belt-shafts 
tered with thin glass skylights in metal frames, protected under- 
fe netting. Figs. 6 and 7 illustrate a section and plan of a corros- 
¢ elevator, stair and belt-shafts arranged on the above pringiple. 
Ind be fis & separate tower rather than in manufacturing Fong. 
{Plant should be in a separate building cit off from the 
ck wall ane the openings in this wall should be protected by 
G, SEANDARD YERE-DOoRS. 





»  & Standard Storehouse-Construction 
£Storehouse-Conatruction: Vis.8 shows « cross-section through 
and Fig. 0 the first-story plan, including the elevator and stair- 
ie-story, 





A ‘= 
arn Fig & Fourstory Storehouse. Sectlon through Fire-tomer 


(be made low enaugh (Fig. 10) to prevent overloading, and when 

jase-goods, the mricitr or stoaits should He sufficient to take two 

iGeln, clear space under the beams to allow for the distribution of 

e sprinklers, 

& For convenience, as well as to separate the different hazards of 

(and finished goods, the building should be divided into sections 

extending at ledst 9 in above the roof. 

| Storehouses. A onr-srory storxnouse is recommended in 

‘the design just Hescribed, whenever there is a sufficient quantity 

‘at disposal for this purpose. ‘The one-story building is cheaper, 

foot, and, when separated into small divisions by fire-walls, repre- 

‘st method of storehouse-constraction. 

po jee Re pinta fama fas, xoor-TacukRS should be 
a (possible. Mf necessary to 

fed oy gt na re together without airspaces between rei ive 








axis, ees 
Floors. The rtooxs of such bnildings should be 
ngs, and of the standard slow-bumning construction, 


Mru-Consrvertom. The flooring should be contre 
Staxparo Mini-Comsreuction, In order that 4 





Standard Storchouse-Construction wr 


iter on the floors of the tower will ordinarily flow down the 
the arrangement of the foor-levels indicated above will ordi: 
‘ter from an upper story from flowing into one of the lower 
it is escaping through the tower. Cast-iron scurrens are 
should be set in the brickwork at frequent intervals, and so 
will carry away rapidly a maximum quantity of water from 
‘compartment. To further the drainage of water, the floors 
from the middle of the compartments to the scuppera Fig. 
>suuELD scuprer® which embodies the latest improvements, 
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DRNZONTAL 
SECTION 


Fig. 11. Detail of Wind-shield Scupper 


upper only one flap is provided on the outside of the building. 
F windy weather, this flap blows open and sometimes freezes 
ts in a continuous draft through the scupper and over the 
he factory or warehouse and necessftates an increase In the 
tenisbied. |The scupper shown in Fig. 11 corrects this coad!- 
the light wind-shield on the floor-level of the scupper. When 
ws open the wind shield shuts off the draft from the outside, 
(dition, acts as a fire-retardant when an adjoining building 
lem there isa tendency for the flames to communicate through 
land ignite merchandise on the oor. The wind-shield, by 
alts and ry acte asa reterdunt or shield to keep out the 


the Wisi Stick! Supper Company, + Badivon Aveiue, New 





obtained by 1 sssrgbcnel 
from the upper story of the tower 


Pe a * not ae th 


sl yh ris wa fiw d 
ko ear damp, Tn some instances a course off 
above the roof-level, 
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mple of One-Story Work-Shop 
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Saw-Tooth Roof-Construction 175 
t and to some dye-houses where careful matching of colors is 


§ of Saw-Tooth Roofs. While the testimony of those who 
neo with SAW-ToOTE XOOPS is almost uniformly favorable: 
ave been experienced, practically all of which may:be sumined 
fee design of poor workmanship. The difficultics i 
{ to severe conditions during winter in our northern climates, 
Wation. 

‘Heat when roofs are thin. 

Condensation on the underside of roof and glass whion the 
de is low and there is considerable moisture in the rooms. 


hods of Construction. ‘The following suggestions show how 
itioned may be obviated if the ArrroveD sxetions are applied 
‘competent engincers or architects. What is good ENGINEER 
point of the manufacturer can also be good rike-PROTECTION 
any design should be adapted to both if the beat interests 
jer are to be served: 
indirect Sunlight. As it is desimble to avold direct pun- 
fame time obtain an abundance of light, perfectly diffused, 
puld face approximately north and the glass should be inclined 
take advantage of the brighter tight in the upper sky and to 
T the light by the saw-tooth immediately in front; and, above 
(HPPOSION OF THER Li0HT over the floor rather than on the under 
fanking. 
Hass. For the glass an angle of from 20° to 25° from the 
gle of approximately 90° at the top of the Saw-Toorn will be 
uriations depending upon the amount of light required 
der angle at the top is not needed, as it increases t! 
‘to be covered and larger spans; more glass, also, is required 
4 the light Is not as good, as more light fronr the sky is lost 
tis throws on the under side of the rool. 
etails. Dovnte ctazixc with a space left between the 
(referred on account of its conducting qualities; but it & not 
‘except in the more northerly countries. The inside glazing 
{ith factory-ribbed glass, set with the ribs vertical and facing 
i by trusses are then almost unnoticeable, 
ad Conductors, Conprnsation-curtess are needed inside, 
the sashes, and they should be drained through msipt Com 
to the outside under the bottom of the sashes, as these latter 
are liable to freeze. 
twoen the sw-txe10 should be flat, from 14 in to 2 ft in width 
pee ft towards the conductors, which should be of ample size, 
if go ft apart, and prefcrably less. The necessary Pitcm may 
basrpioces of varying bcights set on top of the trusses, and thus 
paces. 
tof Leaks. Lass, which are common faults, may ordi- 
d by a careful aksips of the gutters, valleys and sashes, and by 
worknienship and materials. The rool-covering of asphalt 
wakiowwes throngs the valley's aad extead up to the lass, 
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‘other buildings, the protection of wixpow-oresaes may prevent 
if fire from story to story through the windows. 

‘and Beams which support the floors and roof should be stout 
fess than 6 in in least dimension, and with a sectional area of not 
| sq fs; while columns should be not Jess than 8 by 8 in in cross 
he upper story, and should be increased in size In the other stories 
tof any additional loads. The beams and ginters should be ster 
|Fig. 2), and the floors should be built as outlined under staxparD 
tyctION, page 760, inclined at least x in ia 20 ft, made as nearly 
a8 possible, and scuppered to the outside of the building. These 
puld be set in brick-work at frequent intervals, of sufficient size to 
& maximum amount of water from each floor, and so constructed 
{prevent the admission of cold air to the building, (See Fig. 11.) 
"The floors should be continuous from wall to wall, avoiding holes 
irways, elevators, etc. All such openings should be enclosed in a 
kor im ToWexs extending not less than 36 in above the roof, 
accessible from cach story by means of an outside baloony (Fig. 19). 









Interior of 
Building 


‘Opeoinge in face-wall extend 
‘frum oor to ceiling. Vestibule-floor 
of Greproot 


‘constevotion, Railing ab 
‘opening. 
Fig. 20, Tower Fire-eseape for Adjoining Buildings 


impossible, owing to tho location or otherwise, to have these open- 
‘outside, they should he placed in maick TowsxS constructed inside 
fand connecting with an entrance to a fire-proof vestibule, open to 
4. ‘There should be openings from each story to the vestibule, each 
y Manilard fire-doors (Pig. 20). 
‘Tanks for Automatic Sprinklers are usually placed on extensions 
‘ers, and they should be built to carry the additional load imposed. 
(te the roof of the building may be had from a window or windows 
be tower, and such opening ar openings should be protected by fire- 
My oh uD ae &s er a — eae to allow 
"placed fesckke of the tower, thus preventing dames ' 
(oerand centre the tack and tank-wipports, ne 








Structural Members in Warthouse-Construction 781 
jetal members, and applied by workmen who understand such 











Metal Lath 
vajlelontotber ad, 


a 


Ca be cut amg for | 


icaeeectroish 
vt 


Fireproofing of Steel Columns with Concrete and Plaster 


tet the rnorecttox or 4 nousD conta by reinforced concrete, 
tw held fn position 

i metal furring, held 
metal’ elips or ties. 
should be at lexst ¢ 
tas should be used in 
‘olumas. In addition 
aforcements for these 
reinforcement should 
fs of fron gods wound: 
herb, 


Fig. 24. Fireproofing of Caxt-iron Colin 
with Conerete und #1 

















Pipes for Gas, Water, ete., should not be 
Insulation. (See, also, page $27.) 


M, Structural Details of Mill-C 


Column, Girder and Joist-Framing. Fig. 26 
carrying the girders from the walls, posts, sense bay 
post-nask. The first floor abore the basement is shaw 
gicders only, and heavy mill-fooring set on them. "Tike si 
the post ins steel rosr-car, and are hung clear of the 
steel WALL-MANGER, The next floor above shows the €o 
joists are framed into the girders by means of Jorst 
at the post, also, is done by means of a DUPLEX ROUR-WwAY 
girder is built into the-wall ina DUPLEX, WALL-MOX. ‘The 
used singly oF opposite each other as required and are 
thus tying the building laterally. ‘The upper floor shows t 
the girder. This construction, however, does mot cx 
CONSTRUCTION, as if exposes o larger amount. of tim 
is shown built Into the wall and resting on a WALLPLATS 
Joad over the masonry but is not as effective in p 
BOX OF WALI-RANGER, 

Leah and Malleable-tron Rath Cana nee 

of cooanrnetion whieh tay ‘oe wees. 

Roses, ‘The FOst-Ghe damn om. Noe Satan 





Structural Details of ‘Mill-Construction’ 783 


while the rosr-cav above it is one of the malleablo-iron type, 
National Board of Fire Underwriters. ‘The Postar shown 
is of malleable iron and intended for lighter construction or 
‘run across the post as shown... The girders in every case are 
te wall by means of approved wari-tanaens and the beams 
{girders in malleable-iron sorsr-auancens, 





Mill<construction. Column, Ginder and Joist-framning 


{Cape and Bases. Pig. 28 Illustrates other details of con: 
ywest post rests on a heavy, east-fron, ribbed rosr-nase. 
\roginders ire carried at the post by means of heavy, cast-iron 
ebullt tnto the wall in cast-iron wazz-noxes. When cist 
Mercure it iy emencal that it be made etra-beary, as cast 
er acwwuinr af the abeven shrinkage when cooling, wl 
ress aad weakeas the caps. Flaws, also, reap eorlioe 





Fig. 27. Mill-construction. Malleabletpsa 
Duplex, Combination Post-Cap. Fig. 291 


fron lower qact ark a week woper york. si 
‘Dent's called. the WoeAL WoRT-ONe wan comsahss 
Angles Fivetmd underneath Lo Wa Nee yore 
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Astron tap. The WAGL-IANGER, WARE-ROX, WALLALATE 
bhown are used in st AXDARD CONNTRUCTION. 








|, Mill-construction. Cast-iron Post-caps and Bases 


ps. Fig. 20 illustmtes various forms of steel rast-care. 
— men thehettom ost ad the Van DORNIRRED CAP 

ithe top post the Srax resrcar is shown, This has 
be lat dhe peat mnt te wlotted to receive it, Steel goust. 












Fig. 29, Millcomstruction, Combination Post-cxgn, 


rs) 
Framing Steel Beams and Girders. Fig. 31 illustrates the 
‘ores in place of woonen orkuees and thelr connections with 
In this kind of construction it is necessary to Srepeoné the steel & 
‘re more readily affected by heat in case of fire thas 
Tatease beat often causes ther to collapse and ruin & 
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vor is used where the I beams and wooden beams, 


2 a EE 


4 
a 
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$30, Mill-construction, Steel Post-<aps, etc. 


tge for the wooden beam. Tt fs used singly or in pairs on 
red, and is bolted through the web of the T beam. ‘This has 
| very economical and efficient construction, In the third 
tam is shown framed to the I beam by means of @ SIELY 
form «f commruction it #s mecessary to rivet the SUELE« 














Connections of Floor-Beams and Girders, 
2% Connections of Floor-Beams and Girders 


{-Hangers and Joist-Hangers. To render the construction, and 
Fly the girders, sLow-muewrvc, it is important to have no hollow spaces 
tthe top of the girders and the flooring, that is, to have the top surface 

of the floor-beams flush 
with thatof the girders. 


{32 Duplex Hanger for Heavy Ploor-beams 





Kind of jost-mancee is) used. The :2i Moorea Beam of 
of joist ANoceRs now in the market 
and commented on in the last part of Chapter XXT 
are 6 by 12 4m or larger in cross-section, and the girders 
feos author would give the preference to the Duriex mANORR 
b Fig. 82. (Sex, also, pages 752 and 753.) 
used Ia place of woonrx oteones, there are 





(dered to support 300 Fig. 34. Wooden Heam Framéd to I Beam with 
ach side of the girder, Shelf-angle 

th erin bolt, 4.000 Ib. 
‘thods shown in Figs. 35 and 36 are sometimes used, but ne open to 
oa ‘of the weakening of the wooden beams when loaded. 
shows a srianur-rrex of Lugger. This construction permits the 


Fig. 37. Wooden Beam Framed to 1 
Beam with Stirrup-hanger 





Connections of Floor-Beants and Girders ‘Wot 


¢ wooden beam at any desired height, and has proved satisfactory. 
§ can be used with any depth of beam or girder, and are furnished 
dcturers of steel orst-nANcens of the various types, as well ax by 
¥ho can make wrovorr-inow stmmurs. Fig. 35 shows the Du- 
+ waNoER for framing a woeden beam flush with the lower flange 
4. This hanger is attached hy means of bolts, Fig. 30. shows 





Al, Floor-framing with Van Dora Mangers and Post-<caps 
ago of mancer, with the simtyconsteuction used to carry 
up to 4 in above the lower flange of the I beam. Fig. 
for carrying the wooden beams 4 in or more above the 
the I beam. 
jas described in Figs. 38, 30 and 40 are all of the Deriex tyre, 
jnstructed that all the load is carried on the lower flange of the 








fig 42 Floor-framing with Duplex Hangers and Post-caps 





is a very satisfactory and ideal construction whenever it ts 
‘wooden beams inte and not rest them on the X beams. ‘The 
economical one for framing wooden beams to T heums, as the 
these maces car be punched while the stce! is being fabri- 








and Anchors for Joists and Gitders 7.8 


ndvamtages of the latfcr without weakening the walls, unless the 
te very wide. The WALi-nox as shown im Fig. 47 is made 
ible-iron bottom plate and a steel box above. It bus a rib 
it the back, which extends up and down, and acts as a secure 


Fig. 46. Goetz Box Anchor for Wooden Girders 


weakened by thé space left im ft, because the bor 
crushing strength of this Cast-iRoN nox is much greater than 
No ites or breach is made in the wall, and the box that 
‘ely held, forms a space for the easy replacement of the wooden 
box provides 2 perfect and secure foundation for cach beam, 
Hective flue cannot ignite & beam-end, because it is protected by 
a ventilated, castamox nox. The 
WALL-poxes have alr-spaces, also, in 

the sides, % in, wide, which permit 

circulation of air around thevends 
the beams, effectually preventing dry 
rot, Ii timber is wet oF tinseasoned 
these wall-haxes allow, it to dry out 
after it is put in the bullding The 
average weight of a box like that 
shown in Fig. 45, for 2 by 12-In 

Jolsts, ts 16 Ib. 


Woall-Hangers. Another device 
for obtaining the same resulta in a 
different way ‘is the WALL-HaNGKR. 
Reale sich mitted Plate 48. ant 40, show Duvirx wali 
(nee timbers. ‘The hanger shown in Fig. 49 is made of open-heart, 
raheayy. Each of thess hangers is prorided with « plate which has 
on the wall, and the bearing of the timbers on the h: is al 
‘uns not exceeding ro in in breadth there is probably 
box axctior, Fig. 46, and the wauttancens, Fi 
‘ein the price and appearance, When the waLiqHanonn is used 
in the wall, and a saving of 6 in in the length of the beams is 
hin some cases would bea consideration. For girders rz by 144 
‘in cross-section; the author believes that the hanger shown Ip 
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45. Post and Girder-Connections 


‘Plates, Wooden Bolsters, etc. Whenever » building is cons 
t wooden posts extending through several stories, each upper post 
(a an MON CAPPLATE, fitted over the post below, and never on a 
(8 OG & WOODEN HOLSTER. A BOLSTER would not be objectionable 
de the fact that the pressure under the post is generally sufficient to 
‘ers of any kind of wood. Then, too, there ix always some séttle- 
im shrinkage. As posts are used expresily for the support of beams: 
fe IhON CAPS must, of course, extend sufficiently beyond the upper 
id. ample bearing for the end of the girder. ‘This bearing in square 
Tbe equal to at least one-half the load on the girder divided by the 
ye of the wood to crushing across the grain, as given in Table 1V, 


‘A.12 by 1a:in yellow pino girder is designated to support a possible 
se tb, What bearing should it have at the ends? 

"The aafe resistance given for longleaf yellow pine to cru 
39 Ib per sq, in. Oneshalf the loail an the girder is 19 000 Ib, 
fe bearing area should be 19 c00 divided by sso ar about §4 54 i 
Ith of the beam is +2 i this would require a bearing lengthwise 
(of 43 i. Tn no cave should the bearing be les than that required 








46. Form and Material of Post-Caps 


versus Steel Post-Caps. Formerly cASt1n0m rOST-CArs wore 
framing of the girders at the columns and pests. But the uncer- 
ved to the use of cast iron, and the necessity of extremely heavy 
¢ safe construction have led most engineers to specify stkkE POST- 
¢ are unquestionably the strongest form of construction for fram- 
\ girders. The use of Sreee post-cars is to be recommended, there 
certainty regarding the strongth of steel as there is concerning the 
ast iron used for post-cup construction, Internal stresses due to 
hg may seriously affect the strength of a casTnoN car, while a 
IL casting may be used, undetected, and affect the safe carrying 

that failure of the cap may occur even from the vibration duc to 
y in the building. 

Post-Caps are still used in some localities and a few of the cam- 
(6 well a5 those of sreeL posT-cars are shown. Pig. 51 shows a 
fe frequently used for light construction, Fig. 52 shows a similar 
indicieal pest. ‘These caps permit the use of girders wider than the 

the girders and floor-beams are in place, and especially when the 
pocupied, there is no danger of the girders or posts slipping on 

fact M would require a greater force to move them, The girders 
td together longitudinally by mon stxars spiked to their sides, 
ts, however, consider it itmportant in a building of sLow-bumxme 
, to have the posts tied together in vertical lines, and the girders 
ach a way that they will be self-releasing without pulling dowa 

Sas. 63 and S4 show two Post-cars which fulfill these requirements. 
fupe the ends of the girders are not fastened by bolts or spikes, but 
Ince and tied longitudinally by means of the Lve Lon the Gorts 
fins on the DUvINAck CaP; so that in case the girder is burned to 

point, Jt can fall without pulling on the pest. Provision is also 
[Hing the cap to the upper post. The author doubes very much, 














* — 
Fig 4. Cant-jron Goete ost-cap with Beamdlugs Fig. 65, Castles 
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§f posts bolted together fn this way will stand after the girders 

the planking will be likely to pull abavemn cre evar WM eheprisiad 

quickly as the beams. Fig. 56 shows another form of cast cap with 
lag-screws to be driven in the holes to tie the girders. 








Te Steel Post-caps for Posts Varying in Section. Second Figure Shows Four- 
‘way Beam-construction 


bel Post-Cap, which is approved by the National Board of Fire Under- 
land bears their label, is shown in Fig. 56, ‘This rost-car {s made up of 
Hle-pilites and heavy stoc! brackets, all held rigidly together by means 
heavy bolts. ‘The posts and girders are fastened to the cap by means of 


Fig. @. al alco NS Perapes 








SIDE END 





tbe width ofthe girder is greater than that of the post below. In 
(iaencnaebesca bm cot to (hs sec toay Dace eels 
FSTRECTION. Fig. 68 shows a ONe-WAY CONSTRUCTION. Fig. 60. 





Cte than et” tet Stel Rosa fo ih Co 


pee REA G morc ene 
bear, the upper part of which is made of stecl plate, and the 
Coane dl Figs. 62 and 63 show Sreet PosT-CArs 20R 





to slot out the post in order to lasert this fim. 
encircle the top of the post in a socket, to 
‘vent the twisting effect of the pest, which 
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Wherever 
used |t fs, therefore, & much better construction a 
beams from the ginters, in which case the shrinkage 
steel girders there is no shrinkage, and a beam may be, | 
posts with advantage. i 


17, Roofing-Materials - 


Warehouse-Roofs are almost always flat and, like floors, 
‘ov from wall to wall, without openings. The oe . 
aE little fighé, and hence skylights and other 


Dampnows and Leaks. Stored goods may be ery: 
and roofs, therefore, should be of such construction tihak: 
ness either through leakage or condensition. While roots are 
at a8 possible, tho incline should be sufficient to dealin me 


Fig, 66. Star Steel Post-cap with Fin 
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ing Partitions. This refers only to those fight 





lis and Factories Built on the Slow-Burning Principle $03 
This mill has an attached picker-house, office 


Bauerscicteonc ce ‘The floors are designed to carry a live 
(per sq ft. The cost of the building was $o.7r5 per aq It. 





fleck walls, transverse wooden floorframing, supported hy. 
| brick walls; conditions at site demanded extensive atin 
fourth and fifth stories of one wall protected by wire-glass in metal 
Bigs Re facs Kes tof 75 Ib pereq ft. Thecost of the buildings 

fer oc ft 

tory Machine-Shop. ‘I’his was built near Boston, Mass, im agra. 
Mig ooo rs with « connecting wing, so by 49-35 ft. 
‘walls; longitudinal, stecl, I-beam framing: transverse, steel, saw- 
be fearing: plank roul coveted with tar and gravel: aot Jonglte- 
Belt transverse bays; steel I-beam colunins; 4¥-in cement, floors 
tree bays which haye a sin maple overflooring, a t-in North Caro: 
termediate layer, a s-In kyanized spruce-plank layer, and 4¥s in of 
eat tare saw-tooth skylights, The cost of the buildings 

kena 
tg for Manufacturin 
‘ons and ‘was bel built. ce 


Automobiles. This builling has forge- 
10. The main building 
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of Brick Mil-Buildings of Slow-Burning Construction 809 
| 1 Cost of Brick Mill-Buildings per Square Foot of Floor-Aten 
























































20/160] 19] ras] naz] re] ras] rar] 1.96 
iwi] ve] ros] tor] 100] 100] 099 | 0.08 
132| 168) 0.97| 0.93| 0.90| 0.88] 0.88| 0.87] 0.8 
Hx [0.91] 085) 0.8t| 0.78 0.77] 0.76 | 0.75] 0:74 
Six stories 
aro} ara| ust] ast] at] x6] nae] aa] rae 
bsg |am| xia] 1e8| 4.05] 201] tox) ca] tos 
£35 | 108! 098| eo1| 0.92] 0.99| 0.8! 0.88] 0,86 
| 7 0.78 7 | 0.76 
[2 ]o%) 2m) om) On| 6 0.76 





Pee SQUARE root of # building roo It wide is about midway between that 
wide and boc 425 [t wide; and the cost of a five-story building about mid 
pb the costs of & four-story and « six-story building. 
jal Data for estimating costs of foundation-walls and other walls 
fh the following table: 

Cost of Walls in Brick Mill-Buildings of Slow-Burning Construction 
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Definitions, Areas, Heights and Costs sit 


CHAPTER XXHI 


FIREPROOFING OF BUILDINGS 


By 
RUDOLPH P. MILLER 
DENT OF BUILDINGS, ROKOVGM OF MANIATTAM, NEW YORK CIY 


1. Definitions, Areas, Heights and Costs 


t The term riux-rnoor, white now quite well understood by 
still used in a very broad sense by the public. ‘To be strictly 
jlding must be constructed and finished entirely with incom= 
rials, and any of these materials, such as steel or iron, which are 
lected hy beat or streams of water must be efficiently protected 
trials which are not so affected, This precludes the use of wood, 
tel or not exposed, also all exposed steel or iron, common lass 
Iding stones. It is safe to say that there are very few buildings 
ry that are absolutely yrex-proor. There are many, 
by fire, and in which the salvage would probably 
nd it is the latter class which is generally meant 
fm vins-rroor is used, Incombustible buildings, and buildings of 
ruction protected to a greater or less degree from the lanes, ate 
Vertised a4 VIRE-PROOP; but such buildings should be considered 
(waruxxixa, It is undoubtedly the duty of every architect to be 
Uconcerning. the fire-proof qualities of all materials that enter 
‘rgction and finishing of buildings, and to know how to use these 
be best aelvantage, His choice and use of materials is then limited 
character of the building and the interests of his clients. It is 
irnish this information in a concise manner in this chapter. 
Definitions. Municipal definitions as to what constitutes sim 
avcrios have a great bearing on the construction of buildings 
jurisdiction, and those of the two largest cities are therefore 











lefinition.* “The term riar-PRoor consreuctiON shall apply to 
‘a which all parts that carry weights or resist strains, and also all 
snd all interior walls and all interior partitions and all stairways 
tor enclosures are tude entirely of incombustible material, and in 
tallic structural members are protected against the effects.of fire 
of a material which shall be entirely incombustible, ani a slow beat 
\d bereimafter termed vims-PROOF MATERIAL Reinforced concrete 
this ordinance shall be considered fire-proat construction 

(rials which shall be considered as filling the conditions of fire= 
& are: First, burned brick; second, tiles of burned ay; third, 
tent concrete; fourth, terra-cotta."” 


‘Ater ty felt in 319 original form, ‘The editor-in-chief is not responsible for 
stuation, etc. 
meant. 
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DeGinition. Buildings required to be smx-pRoor shall be 
‘ith walls of brick, stone, Portland cement concrete, iron or steel, 
‘beams or lintels shall not be placed, and in which the floors and 
{ materials provided for in Section 106 of thix Code. The stairs 
ndings shall be built entirely of brick, stone, Portlind coment 
oe steel. No woodwork or other inflammable material shall be 
the partitions, furrings, or ceilings in any such fire-proof buildings 
pwer, that when the height of the building dees not exceed twelve 
ve than 150 feet, the doors and windows and their frames, the 
i&& the Interior finish when filled solid at the back with fire-proof 
be floar-boards and sleepers dirvetly thereunder, may be of wood, 
tetween the sleepers shall be wolidly filled with fire-proof materials 
to the underside of the foor-boards. 
eight of a fire-proof building exceeds twelve'storfes, or more thati 
oor surfaces shall be of stone cement, rock asphalt, tiling, of 
istible material, or the sleepers and floors may be of woud treated 
i apmrened by the Board of Buildings, to render the same fire= 
tide window frames and sash shall be of metal, or of wood cov- 
LL The inside window-frames and sash, doors, trim, and other 
hay be of wood covered with metal, or of wood treated hy some 
sd by the Board of Buildings to render the same fire-proof.”” 

proof foars. These may be constructed 
fn fact, of any material that will sucenss- 
tests prescribed by the Code. Before any floor-construction 
k o¢ tile will be passed by the department, however, it must be 
kth and fire-reaistance under very rigid conditions, and the con- 
stand the test successfully.” 
proof Construction Should be Employed. A building should 
fit, and finished’ to conform to the purpose for which it is to be 
ng containing but little inflammable material, and that, not: of 
id not be as thoroughly fire-proof as one designed for the storage 
ds, oF for the protection of Ife in case of fire. The height.of a 
important factor in determining whether it should be fireproof 
ite of increase in the difficulty of coping with fice in a building 

(hat of the increase in the height. The area covered by a build- 
portant, although in most instances interior diviston-walls may 
ich practically cut up a building into a series of amaller buildings. 
titations placed upon non-fire-proof buildings by varius monicl- 

found in the following classification and in Table 1, page St2. 
eas for Non-Pire-proof Buildings 

+ 8000 89 ft on an interior lot. 

42, $00 99 [t ona corner, 
22 000 aq ft when facing three streets, 








gone 8 {t if of ordi Joisted construction, 
#2 o90 #4 ft if of slow-burning construction. 

7 300 84 ft. 

5 000 #¢ ft, 


+ Mill-Construction: 
30 ooo aq ft when facthy streets on four sides, 
t5 000 =q ft when facing streets on three sides. 
12.090 84 ft when facing sterets on two pices. 
9 ov sq ft when facing streets on one side. 
3.000 5q ft on any lot when of hazardous occupancy, | 
2 Soe pace £37. = 
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‘and Marble are usually ruined if not totally destroyed by an 
‘They are the least desirable of all stones for use in a fre-proot 
the granites come next. a 
wheo fine-grained and compact sometimes stands fire without 
(but in'the case of severe conflagration it is generally so badly 
‘thas to be replaced. , 
‘a is made from clay by mixing it with water into a plastic mass, 
ime into the form desired and baking it at a high temperature in 
(e tisual structural form the shaping is generally done by forcing 
haw through a special die by means of machinery. Ornamental 
{st generally be shaped by hand. 
WTerra-Cotte. This material, and especially that which has a 
is well adapted for the trimmings of a building that is intended 
Wf. Te should, however, be made heavy enough to carry both its 
id its share of the wall-load.* 
Terra-Cotta. Terracotta, as used for foorarches, column and 
lon, and for building light, hollow walls, Is made of three ditfer- 
ong, the material being known as Daxse, Porows, and Srati- 
fing to the method of manufacture. 
fg is made from a variety of clays. Some manufacturers use 
teclay, and combine it with potter's clay, plastic clays, or tough 
| Is very dense and possesses high crushing strength. In outer, 
to the weather and required to be light, its very desieable. Some 
furnish it with a semiglazed surface for the outer walls of buiki~ 
(h use ft has great durability, and effectually stops moisture. In 
ling for fire-proof filling, care should be taken that the tiles are 
ts, sound and hand-burned, 
| Semiporous Terra-Cotta is made by mixing sawdust with the 
lust being destroyed by the action of the heat, leaving the material 
jas. A small proportion of fireclay mixed with the plastic clay 
at not esential The proportion of sawdust should. be from 
jording to the toughness of the clay’ used. Care is required in 
manufacture to have the work of mixing, drying and burning 
ne. “The burning should be done in down-draught kilns by a 
‘The product should be compact, tough and bard, and should 
bck with metal. Poorly.mixed, pressed, or burned tiles, or tiles 
handy clays, present a ragged, solt, and crumbly appearance, and 
ble, When properly made, porous terra-cotta will not crack: or 
equal heating, or from being suddenly cooled with water when in 
Hon, Itcan be cut with a saw or edge-tools, and nails or screws 
driven into it to secure interior finish, slates, tiles, etc. As a 
[resistant and non-conductor for the protection of other materials, 
ked very high. 
§ Tiling. ‘This material was introduced by thave factories which 
lay in the manufacture of tile, to enable them to compete with 
jorous material. During the process of grinding the clay, about 
Ht coal i mixed with it, ‘This coal aids in the burning of the 
tlso makes it lighter and more or lee porous, Tiling made by: 
silenitted to be a much better fire-resistant than the solid o¢ 
© EL ¥. Johnson says: "personally, 1 believe that good semin 


© "Fire Prevention andl Fire Protective, "J. K. Freitag. 




















‘The inequality in strongth of the two materials can be 
thicker webs and shells for the semiporous or porous material. 
‘of wricirr, porous and semiy 
tile. Dense tiling, when 
the sudden contraction; “bl 
to have the outer webs destroyed 


disintegration due to the absorption of the water and its a 
Porous terra-catta absorbs water freely, and if allowed 
more or less injured. If the process is permitted to 

so weakened that they are unsafe for use, 

Concrete Blocks and Concrete Tiles. Numerous 
blocks and tiles are manufactured of 0 
‘use as substitutes for brick, stone and terra-cotta. 
the DRY PRocESS by Camping a dry-concrete mix Into 
wer rkocnss which consists of pouring a semiliquidl Or st 
curing the product by air orsteam, Various types of machines! 
for the manufacture of the blocks by the former 
belng that of the Ideal Concrete Machinery Company of S 
Concrete hollow tile is being made for the ame Uses a | 
partitions and floors in general, and for enclosure-walls as 
in residences. For wall-bearing purposes, the tiles are 
a layer or two where the beams rest upon them. Tm hollows 
distinction should always be made between the strengths 


* “Fire Prevention and Pire Protection,” J. K. Pr 
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the cone-holes vertical and whon laid with the coré-holes horizontal, 
lenigtly, in the latter position, approximates only one-half of what it Is 
emer. ‘The specifications given in the Prec. Nat. Awa of Cement 
tt, are generally accepted as the best practice in the manufacture of 
Blocks. (See, also, Chapter LIT, page 235.) 

He Tie. Concrete hullding tiles have bora used extensively for 
fb im Chicago, IM, Rochester, N.Y. and the suburbs of New York 
he shape and size of the blocks vary with the make of the product, 
[a wer-rrocess tile made by the Concrete Products Company, of 
Ke Gity, Is in extensive use in Various parts of the country, for caclose 
[interior partitions and combination concrete-and-tile floors of resl- 
[The corxessive stxeNern in pounds per square inch of Tilecreto 
Fite Bureau of Buildings, New York City, in rgrs was as follows: 


‘Table Hl. Compressive Strength of Tilecrete.* 





Dimensions and use | CaN vertical” |" Cele narizomtal 
) | 





Grows | Net | Grows |, Net 
area, fb 











WEL Rid of atte | Nbmber | sree, th geen, 1b | area, Ih 
. lig } Per aim | por in| per In| per tn 
Waltaine a . wo} m6 
Walltile 2 sa | vse | ase. | coms 
‘Corner-tile 2 63 ise apes ssanae se 
‘ sto 1099 | Me | 306 


1) ed | 





ned [rom the catalogues of the Conerete 
cago. Structural Tie Company, Chicago. 
[more, Rauber and Vicinus, Rochest | Concrete Stone and Sand 
|b Younmtown, Ohio, 


He. Stone concrete, under the action of hext, is affected much the 
Wome brickwork. ‘The heated surface expands, and as the concrete fy 
(oe conductor, the other surface remains cool and cither cracks or 
keping. ‘The heat also affects the strength and texture of the concrete, 
\-disintesration of the concrete to a depth of about + #n, Often the 
off with a report. If watet is applied after the heat, the-surface 
away tothe depth of the affected part. ‘These effects vary somewhat 
(stone wed. in the agerceate. Gravel and granite, on account of the 
b between their cocfhicient of expansion and that of the concrete, are 
\qpall. Limestone calcines under the action of heat and is especially 
Hevtruction for some depth by the water. ‘Trap-rock is the most satis- 
faterial to usc, from tho standpoint of fire-eeaistance as well ap that 
th. If there is no application of water after the fire and the surfxco 
H to cool off gradually, the concrete may set again and become hand, 
(well, however, to rely on this. (Seo, also, Chapter UL, page 245, for 
{of Beat on concrete fireproofing.) 
Fonerete, Blast-furnace slag has hero used. as the apsregate in cons 
th very satisfactory results as to both, fire-reaistance and strength,” 


perth of teats ain Gescription of.materints, see pamphlet issued by the Carnegie 
,, rgte, “Pumice Stags io Concrece. ~ 








ee iedermation may be olt 
Com ov York City, 
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Column-Protection 823 
| Table IV, Tests of Protective Coverings 


‘Temperntute of plate at 
back of protective material, 
degrees Pabr, 


] 
After | Heat 
Delors | eating | trun 
8 | for 2hr | mission 








‘Mateeiiils wieder test 








dense, hollow, zinthick..| 1700 8 23 ua 
temiporous, solid, 2 in 


Me Paris and shavings, 2 in 
Presets . Lied © ™ yr 
{Parisand asbestos, zinthick.| 1700 | 70 

(CO Paris, wood fibers, and in- 
Leatth, 2 in thick, 17° ” at os 
ot ground ‘cinders, 136 in 





Wess} 1700 a 63 =~ 
fmerete, on metal lath, 2 in 
|) eee 3700 6 8 382 
find yetent plaster, about 
sit-space 6 Ed a8 














Vig. 2 Hollow-tile Protection, 
Cylindrical Columa 








[Been wtih sep wire at Iter: 





[Hellow4ile Protection. Ptate-and-angle Fig. 9. Ribbed-tifle Protection, 
‘Column Cylindrical Column 


Cotte Coluime-Protection, Fir. J showy the manner in which built 
Fane pirtictee! & the Best chees of Gre-pirew buildings when ti 
el Fit 2 Faia Wf ahow common methods oF rotscaly Ghia 





Fig. 7, Double-tile and Metal-tath Ce 


side of the tiétal. It Is generally conceded 

efficient fire-casings for columns, and, in addition, lend 
members embedded in it. Itisadvisableto : 
means of metal lath to the steel column. Thet 

ein applying the concrete. Fig. 8 itlusteates & « 
spirally with No. 19 ganas wiwariaed wine, ca ig 

for the concrete. “Tike wood \orme ste, wach. Se Ah 
fad the concrete poured frum a lace un Nam citi 
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tor stone concreteed 1:2: ¢ mix may be used. Fig. 9 shows aiform 
ands, made in sections from 4 taé (tin length provided with 
Wend, The concrete may be thoroughly tamsped about. the columa 





(rete Column-protection Fig. 9, Concrete Columipruteetion and 
‘Weades Form Woolen Form 


Som is placed mmf filled. Fig. 10 shows a method of furring the 
( stlifeaed wire Lith, which serves as a substitute for the wooden 
ft the same time anchors the concrete to the stech A similar 





Grete Column-protection, Pig. 11. Metal-tath and Plaster Columa-pro- 
Plath Furring . teetlon 


b be empileed to obteiy aa airspace by plcing immediately 
wun wo enrediser of areca! lath with « 2-in layer of concrete, 
Wer with minforced concrete Sours, the columns are protected 
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fron he URN aixture of 
peesedlair through a hase-line with a nouale 
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in increasing the Joad om the floor to Goo Ib per sq ft. 
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‘constrection method, 
Figs. 17 and 18 show typical forms of secstesrras. 
‘the arch tiles will run about 26 Tt per aq ft for Gein t 














pain, € to 6 of towns, 19739 


Fig. 13. Segmental Tile Floor-arch. Deep Beam. Drepp 


tile, To these weights should be added the weight of concrete 
plaster, etc. | 

‘Thickness of Webs. “For general use the WENS of Seeme 
44 in thick for semiporous tile and 4 in for porous file. ‘The ss 
be at least 4 in thick for the Grst-named material and ¢ in for} 
peinting-establishments or any other building where a lange a 
tion occurs the webs of all tiles must be deslened fi proportion 
the load they are required to carry.” | These thicknesses = 
Practice more particularly, where a stronger tile is produced than 
aes Tots City webs are generally’ in thick for semiporous an 


© Rewer, Raion) Pues Penang, Comgniny ew Sent 
4 B.A Booppnet- 





Weight of arch 
perag ft 


Span ol arch, 
ft 


‘of the oonstruetion, including the arch:blocks, fill, flooring, 
deducted. For blocks with thicker webs the lands may be inere 
loads are given in the table, the 


renter, 


End-Construrtion Fiat Floct-hrenen. Ta this 6 é 
Poids of the Infivdduad Vode wom wh tdnt-aaden ie Nove emai 
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(blocks is endwise of the tile. It has been conclusively demonstrated: 
¥ tiles are much stronger in xXD-ComPxeestow than transversely, 
thon urged against this construction is that it is wasteful of mortar 
Ib to get tho edges of the blocks properly bedded. ‘They do require 
pe mortar, but the second objection is not serious, for, if the blocks 
‘& peoper bevel, the tighter they are sct the stronger the arch." *" 
(ual blocks in the Exp-coNsrKUCTION sre commonly made rectan- 
ppe, advancing by 1 in from 6 to a5 in in depth. The length and 
(of thie blocks may be varied, but the standard size is 12 fn for both 
|. The number of partitions or webs in the blocks varies with the 
blorks and also with the strength desired. ‘The 6, 7 and &in blocks 
'e two vertical partitions and one horizontal partition, or one vertical 
for blocks 8 in wide, ‘The ro and 12-in arches may have 
two horizontal partitions. Arch-blocks over 12 in deep should 
fe at least two horizontal partitions. In the strongest blocks the 
tbout 5 is square, “The arch-blocks must be set end to end in 
4rses from beam to beam, and cannot be set breaking joints, as in 
eraucrion method." * So that {fone block fails, the rest. of the 
fwidth of that block, is dependent for its strength on the adhesion 
(idual blocks to those adjoining. 
fe of Web. ‘This should he at least 4 in for porous and M4 in for 
|tiling. ‘The thicker the webs the greater will be the strength and 


















































Fig. 22, Plat Tile Floorarch. Rnd-construction 


pe of the arch. ‘The end-joints are always beveled, as in Figs. 22 
ends being parallel; thus all the intermediate blocks are made with 
, 

Skew-backs, An end-construction arch may have skEW-NACKS 
he same blocks, with notches in the ends of the blocks to fit over the 
ges of the beams, asin Fig. 21. It is generally considered that the 
¢tlom skew-back is much stronger than the side-construction. skew~ 
a account of the large amount of mortar lost in the volds and tho 
E obtaining an even bearing with eni-constroction skew-backs, 
fecause of the greater facility with-which the side-construction skew- 
'e used, contractors gencrally preler to use the latter; and this has 
> the COMMINATION-AkoH, shown in Fig. 2. But a more important 
ising side-construction skew-backs with eadl-construction arches, is 
bocectica agaist Aw that they alford to the bean or girder, To 

$ Brier, 





22 and 23, is used. 
tion key 6 in or bess In width will 
that the horizontal webs are in 


Fig. 24. Raised Sido-<onstruction Skew for End- 
construction Tile Floorarch 


Raised skew-backs are preferable to a hollow space 
than concrete filling, They are often used for reof-arches, 
pase It Is seldom necessary to make the arches as deep as 
top must be about on a level with the beams 
always made on the side-construction principle. 
forms of raised skew-hucks for end-construction 
Fiat Versus Randel Ceilings. Wo commntiom 

arches above the bottom. dh Coe ‘same or pater So 
to the advantages Ol FLAT CEALEAORY as Law 
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he preferred to any type of term-cotta arch which may: require a 
effect due to the projection of the girders or beams below the main 
fie."” A perfectly flat ceiling reflects more light, makes a better-lighted 
(a deflects the heat, Paneling forms pockets for the retention of heat 
he and greatly increases the exposed area. 
, 








Fig. 25. Raised Tile Flovr-arch and Girder-protection 


(Arches and Beams of the Same Depth. A deep block makes a 
Fongor floor than a shallower one, and for the same depth of beams 
(and chesper floor. A rain arch weighs less per square foot than & 
Hh with 2 ln of concrete filling; and it costs less. 

|, Spam and Weight. ‘The waxmevar srans for different depths and 
(AGRE WelouTs por square foot of this type of arch, set in place, are aa 





HEL, Maximum Spans for Fist Tile Ploor-Arches of Different Depths 
and Weights 


Depth of arch, |Maximurn span,| Welght por va t. 
in tb 





=< — i 
inbte pormnmne fort, at given by slillerent manwlactares, 
Wpeandae otaracter of the csecarfal une! asst to abe hiskmeas pied 














Fig. 20. Excelsior 


Siile-akew City, and to x 
Haydenville, Ohio, ‘The original vhaye of the archetile is 


i 
é 


jaf suitable depth. 





‘of the Excelsior arch (Fig. 20) is 


#4 
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a 
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Fig. 28. Hereulean Reinforced, Te 


varying from 19 to 23 ft, ‘The weicwr per square 
cots blocks and steel T bars is 26 tb for blocks 6 ins 
42 Ib for ro-in blocks and st Ib for s2-in blocks. “The 
the sure Loxbs for this construction as follows: 


For a. x2-in arch with m 2e-ft span, 400 1b pe 
For a x0-in arch with a r6-ft span, 400 3b pe 
Fora Sin arch with a rat span, 150 Ib per 


‘The cnmr AnvAwrace of this construction is said to be tts 
pared with the cost of systems equally (ire4 and Fog 
every Gor 8 ft. It is particularly well ad to buildings: 
and partitions, as in such buildings little or no structural steel 
floor-construction affords, also, an uni smooth urd 
reducing the cost of plastering. No Tme-tops are required For tt 
The Johnson Long-Span Flat Floor-Construction, 

‘TILE FLOOR was invented by EB. V. Johnson, and is now Mu 
by the National Fire Prooflag Company. Its general construct! 


S Revauted amd mandrel ay Wreury Maurer Som, 4898) 
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t flat conterinig is first erected, and aver this is spread # layer of 
f-cement mortar about 4 in thick, On top of this mortar is laid 
(ac containing steel rods varying from \4 to 4 in in diameter, 
+ the span, and spaced (eum 2 to 6 im center to center. Another 
tarde mortar is then spread on top and hallow tiles, from s to 19 in in 
bay ty the span, are jy the mortar and laid s0 as to BREAK 
4 form continuous rows from one support to the other. A layer 
‘also, about 2 in thick, is usually spread on top of the tiles, Fig. 29 








Fig. 20. Jonson Relaforced, Tile Floor-arch, 


tneral method of construction of this system, tut without the rods, 
Werted in place as the fabric is used. For short spans the falytic 
without the rods. "This system differs trom the fit concrete system 
libstitution of hollow tiles for the conerete [a the upper portion at 
ie strength of the floor depending upon the ReovrowceumnT and 
fk of the cement mortar to the steel and tiles. As the tiles are 
fon the bottom and top with concrete, the rreKPROOFING Pitor 
@ meannred by the feststance of the concrete and oot by that of the 
have shown that the aniston of the mortar is perfect andl that it 
bet temperature without Injury. ‘This construction can be used 
up te ag ft, the most ADVANTAGKODS SPAN being about 16 ft. ‘Tho 

foot, including the fabric and the cement on the bottom anil 

it wot on top of the tlle, Is as follows: 


tile, inches. .. owe eae) eA 
per square foot, in pounls 60 55 45 42 a7 34 7% 
tte above the tile should be figured at x2 Ib per sq ft for each inch 


‘The steenort of the floor, with 1 in of « : 4 Portland-<coment 
pot the tiles, is given as follows: 












With this table the following factory of safety should be tised: 
Preto va Pyaar pr ner on Let 
role <a 

“"'pactor 5, Floors of stores, warchowses, Uheators, publle 


rooms. 
Factor 6. Ploara of buildings in which there is vibration of machin 
‘there are loads causing sudden impact, a 






A section of this floor, x6 ft square, supported on walls arosend 
‘and loaded over its cutie area with & total uniformly distrifated 
per sq ft, showed a DerixcTION of 14 in, full; and with & load a 
ft, a prrtectron of 14 in, scant, ‘The ADVANTAGES of this systen 
‘as noted for all Lonc-srAN FLAT svsriags. It in be used to spe 
for roofs and for buildings »0 divided by masonry partitions ¢ 
ae eae 25 it, For such buildings very little, if any, stn 
Fo 
The New York Reinforced-Tile Floor-Arch. This arch 










Somtskew 
Fig 30. New York Reinforced, Tile Floor-archs 


designed by P. H, Bevier, of the New York City branch of the 
Proofing Company, for use “when a light and cheap but strong 
Hion with u Slat calling ia xecultet, and is particularly adapted 4 


Fire-ptoof Floor-Construction 3 


fhea light floor construction with deop beams is necessary 
biting the blocks level with the tops of the beams and using 
ing, or by ornitting the ceiling a panel effect is obtained, 
ture used the blocks are sct level and « in below the bottom 
cinder concrete or dry cinders is used to level up to the 
‘The Wik Tkvss KeiNvORCEMENT, Fig. 31, used in this 


+ Wire Reinforeement for New York Floor-anch 


the building in reels, and is cut to proper lengths on tha 
| embedded in Portland cement mortar between the blocks, 
[both against rust and fire, ‘The open-work construction 
ables the mortar to flow freely all about it and the joint 
Jed between the blocks and the wire perfectly embedded, 
{ span, and &in arch for 7-ft 6:in span, have been. tested 
iidings of New York, anil accopted for live load of go Ibs 
York arch has been tised in a number af large buildings in 
ls were made to determine the ULTEMATE sTREXGTIE of 
spa, and it was found to be x 600 Ib per aq ft." 

Tile-Arch System. This is a method devised by R, 
Vork and Boston, of constructing foots, partitions, staite 
of THIN. TILES, 1 in thick, about de and from 12 to 
together in Portland:cement mortar so as to make one 
wre are built by spanning the spaces between the girders 
ules, or domes, constructed of (wo, three, or more thick= 
he number of thicknesses depending wpon the dimensions 
& Iwits best application, stcel is used in tension only ia 
place of steel girders, t dees are constructed of the 
rever steel is used it is embedded in the masonry construce 


lotable buildings in which this system was used is the Boston: 
ling, completed in 1895. Some of the later important 
‘Cathedral of St. John the Divine, New York City; the 
fd Minn.; the Girard Trust Company's 

the Chicago and Northwestern Railway terminal 

{| Pennsylvania and the New York Central Railroad ter- 
' and the Hall of Fame, University of New York, 


be wide wane that cae waety ca with this sytem of 
{ithe Cathedral of St. John the Divine iy New York City. 

aypt, measuring 9 by 60 ft, with no interior supports, 
ease load of 400 lh per sq ft, was constructed on this 
& YAULTRD CEILING is desired this form of construction 
mted for ue. Ploors built ia this way have been tested 
‘ol the New York City Building Department up to 5 700 Tb- 
10 ft. When ased between 1 beams the only steel beams 
‘ning from columa to column, Architects contemplating 
of jconstruction are advised to comult the R: Gusstaving 
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fogress continuously, ‘The centering is made of the proper size 
the factory, so that it is readily placed in position, This cen= 
‘wstuiges, aaide from the saving over wooden centers, und the 
Which it Guy be put in place. It allows the superfluous water to 
Wouncrete as soon as it ts in position and it ala forms a’ value 
4 from falling for the workmen, as it is sufficiently strong ta 





£72. Roebling Segmental Concrete Ploor-arch. Type s 


‘na comsiderable load. Sections of the Roebling-arch floor have, 
fthout failure with louds of from 1450 to 4 109 Ib per'sq ft. 
uire a corresponding depth at the haunches, as the clear rise of 
Ypes 1, > and 5 should: be 135 in per ft of span, In an 18-ft 
irise above the beam-flange was 16in. For u t4-ft span between 
te rise world be 14 én. 

i table, prepared by the Roebling Construction Company, gives 
square foot for difterent spans: 


L Weight per Square Foot of the Roebling Floor-Arches 





Maximum spacing | 


terete | of steed floor ‘Thickness of | Weight per sq 
Wide | beams (independ- | crownatcenter | {including only 
ms ize of of arch, 








concrete and wire, 
in tb 


‘ 
4 
5 
¢ 


wow we 
® 


| dl | 


fiven in the table are for concrete to the level indicated in the 
Hite a sin crown and for all wire construction, including arch- 
fand Isthioue Ao cevitiges 

fed Floors. These Soars coresiit of slabs of concrete, varyi 
wate a the span and Kee, constructed between the week 











wide between beams have b 


Concrete and Ex 
dtulne af faarconetriction naetthle | 
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(er sections at greater intervals; am Increased ultimate strength 
tie: Ieenit, dine to the method of manufacture, thus combining 
& of a low-carbon steel with a high ultimate strength; and a 
tod with the sufrounding concrete, ‘The stisndard sites offered by 
ted Expanded Metal Companies and the Northwestern Expanded 
iny are in accordance with a decimal varkition, in eroes-section, 
($9, O58, o40, etc., sq in per ft of width. The designations of 
[Gate the cross-sectional arcas per foot of width, thus: 3-9-20 
Lmteth, No, 9 gauge plate and x cross-sectional area of 0.20 sq 
Mitth, ‘Tbe Youngstown Iron & Steel Company and the Gen- 
fig Company offer from eight to ten sizes of expanded metal with 
lent to take care of the necds of concrete-floor designs. 


Table XE. Properties of Rib-Metal 















Area of metal 
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‘width 
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le ‘The Trussed Concrete Steel Company of Detmnit, Mich, i 
a steel reiaforcenient for conctete floors oonsbting of a series 























Area of rin, 0.09 59 Inv 
Biko spacer 2, be Ae Sy 6 7 weed 8 Oe 


Wig: 16, Rib-esetal Reinforcement for Concmte Fors 


bor mais fensiamenbers rigidly connected by light cross 
eanaie weet of maces! fy the foes of & mesh. (Rig, fer 




















u 
Fig. 37. Welded-metal Fabric. Cline vary from Ne. i 
ton Wire Cloth spaced from 5 to 12 im 
metal is manufactured in 
its use, all joints and lapsare avelded. A 
metallic bond from wall to wall, that is, when the mesh’ js 
of the steel beams. The width of the rolls varies from 48 to. 
‘Lock-Woven Fabric. This fabric® is made up in = 
usual spacing of the longitudinal wires being 3 in on centers 
transverse wires 12 in on centers, These bene: p= be 
special conditions. The fabriciis usually made 5¢ d 
containing from 150 to 600 lin ft, the 1ge-ft pert sry 
the usual width of the fabric is 54 in, it can be varied in 
18 in up to a maximum of 54 in. ‘The longitudinals or 
fabric are held in place by wrapping around thenr the 
in Fig. 38. ‘The longitudinal wires can lve furnished int 
to No.7; Abe transverse ‘wires are centhey Bin. sala 


+ Coveheedh ag WW OR Wee Re Corman 








eae eae rane bili 
‘been given up to 475 Ib per 
fan cot day aor train ti 
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fwrever, is not desirable when the 1 beams are more than 7 In deep. 
fptamee between the steel beams is greater than 9 or 10 ft, the 
fire bent downward 99 as to give a mg of about 2 in er more at 
the span, 45 in Fig. 42, the spacers being used as in Fig. 41. This 





Fig. 41. Roebling Flat Coocrete Ploor-construction 


[ype sand has heen succesfully used in spars up to 27 ft. Under 
litiows, however, considering both the stcelwork and the fireproofing, 
omsital results are obtained when the girders are spaced from 4 to 
With this aystem a suspended ceiling is not necessary or desirable, 








le 42 Roebling Flat Concrete Flooeconstruction, Type 5 


tmsed with this system is composer! of high-grade Portland coment 
\ sand an? chun cinders mised ordinacily ia the proportions 
\eAowr-pntem A particulsrly adsptod to public buildings, offices, 
¥ Aataltals hotels reathonces otc, or where tie great 
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Fig. 43. Stirrup and Bar. Columbian 
‘Concrete Floor-constraction 

‘The carrying capacity of this floor is giv 

ical spacing of floor-beams for this type 

houses and office-buildings, using t4n bars, 

floor-loads, using 2 and 2}i-in bars, depending 

carol. Economy is claimed for this type 

channels are not required, and beams may be 

center. 

In the second type of this construction, or 
LONG-sPAN svsrEM, the rolled and ribbed 
crete, a8 in the short-span aystem, and 
or framed directly to the beams, as 

‘othe wall, and forming a 
ing. ‘The floor-beams 


same amount of masonry, or the same head-room with & decressad) 
masonry. This is possible because the extreme thickness of this floor 
tion an @ apan of 20 ft between beams, is but 6¢ in, whereas fora spat 
with a lighter load, the thickness of concrete may be reduced tes 
sizes of bars used in this type of construction are 94, 44's and 6 

Teapedtively §, SM. 6Yi and Va tn. ch coarse, = 


* Contre’ by Adve Caumsidian Comereve Sat Was 
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{E. Safo Loads in Pounds per Square Foot for Columbian Ploor- 
—————— 


STONE CONCEETE 
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Fire-proof Floor-Construction $63 
Seapeeaire oc tenal cee A typical floor-construction is 


‘The steel floor-joists are covered above with a concrete slab 
expanded-metal Inth, and the lower flanges are protected by a 


tagged and, with the erectlon-diagrams, aro 





5%, Berger's Meeal Lumber and Concrete Floor-construction 


alte. All Joints und splices are riveted in the field. ‘The steel 
be properly incased in some fire-prool covering. ‘The materials 
onstruction are manufactured by the Berger Manufacturing 
Castes, Ohio, which publishes safc-load tables for metal 
tand channel-studs for spans of {rom 4 to 20 ft. ‘This system, 
the use of steel joists and girders, not thoroughly incased with 
trials, should not be considered thoroughly fire-resistant under 
It has been extensively used to replace combustible building. 
tepecially in residence buildings. 

of Girders and Beams. No form of floor-construction can be 
feountly fireproof unless it includes a protection of the lower 
teel beams and girders, or provides for the protection of all steel 
Mruction or support. The material used for the protective cover- 
ly the samme as that used in the floor-construction itself. The 
tials are tile, either dense, porous, or semiporous, and concrete 
fm stone, or slag. Plaster compositions have also been use, 
yommended. (Seo page 81%.) Beam-protection, where the floor: 
eases the sides of the beams, as in Figs 17, 20, or 39, should 
Bran & fe thick. Where paneled ceilings are used, that is, where 
Of the beams i below fhe Jower side of the foor-construction, 
RE ar th the protection shouk! be increased to at least 144 in 











(shown in Figs. 25 and 56, the Istter figure showing more par- 
protection of a beam at the side of an opening in the Boor. 


Beam-Protection. A more thorough incasing of the webs ana 
(cf beams and girders can be accomplished by the use of conerete. 
| fire-proof charactor of cinder concrete makes it the best material 
jose. Hf of sufficient thickness and properly applied, it will hold 








Fig. 87. Concrete Protection for I Beam 


eet reinforcement. around the danges of teams and girders 

Ved 4 hr thie, wike or metal lath wrapped around the 
is A exmmon form of concrete-protects 
the wait of the bea is protected by seal 





plaster, There is, consequently, 

a dead-air space, then a layer of terrae 
dead-alr space, and finally, the external: 

of terra-cotta tiles are made for incasing th 
in steel trusses. Some of these ure 


botter still, by wrapping 

with hard wall-plaster. ‘Tr u 

casing the several members in cinder 

reinforcement, When trusses are to be fi 

bbe provided for in the strength of the trust 
Steel Framing for Fire-proof Floors. 

ing can be made, it ts necessary to decide, th a 

OF FLOOR-CONSTRUCTION or fireproofing that will 

GL the LORGaRAR ee, win a Soa 

the concrete systems, 1 to Woe aheneh, 

the figgr-constraction will wyan between, 
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hile if an ORDMKARY FLAT-TILE ARCH is to be used, floor-beams will 
spaced from s'4 to 9 ft apart, and these beams must be supported 
(s indicated in Pig, 60, When there are no floor-beams, a stauT- 
Tbe riveted between the columns, as in Fig. 569, to hold the latter 
Ing erection and to stiffen the building, It should be remembered 
‘oe-beams spaced not more than 7 ft on centers, almost any system 


forme | airaee : it 
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Tr t 
Fig: 60, Steel Floor framing ior Long-span Construction 


(truction may be employed; while if the floor-beams are omitted, 
W systems to select from. With any form of filling between beams 
fs8 steel is required for moderate than for excessive spans of beams 


tions for the Steel Framing. Tho computations for the steel 
tirders of a fireqproof floor are very much the same as for n wooden 
Tomd or loads which any given beam is required to support are first 
(Athen the beam of the necessary size to support the load is selected, 
bap foe any fire-peoof floor may be estimated with sufficient accuracy 
(the data civen in this chapter in conncetion with the diferent 
foor-construction. . The dead load should include tho weight of the 
including all concrete filling, the plastering, fuering, 
ling-strips and. fooring. ‘The tive LOADS may be estimated) by 
dats given in Chapter XXL pages 718 to. 721 
The best arrangement for the columas in a retail store is to set 
fn centters in one direction and 19 ft 6 in in the other. It is decited 
(nders as shown by Fig. 60, and to put a beam oppadte each column 
tums hetwres the avumos It fs require! to determine the proper 
ema winters acine an ardinery ewd-arch construction between 








Fig: 60. Steel Floorframing 


flooring and nailing-strips will weigh abo 
Ib, and we must allow at least 6 Th pers 
wives, ‘These make n total dead weight | 
a retail store should be taken at 190 Ib pe 
foot on the beams of 229 1b, ‘The total lot 
supporting will be 614 ft by 98 ft by 299 | 
assumed to be uniformly distrituted, FF 
this load, with a spar of 18 ft, will redquire 
aelb beam. ‘The latter will be both stron 
thickness af the floor by x in and require 

“The girder must support two concentrat 
On page 66, it is stated) that when « be 
‘at points one-third the length of the spat 
formly distributed load may be found by 
plying. 26 793 Ib-by. 236 we have 7 448 tb 
the sitder, to which should be added the 
& standard 24-in &-1b bean (Cable IV, 0 
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fed of usiuy tile arches between beams 614 ft apart, we conclude to 
lerculean of Juhnsom construction spanning from girder to girder, we 
(me our Boor as in Fig. 59. For this span we should require ro-in tiles, 
fs Ib per sq ft. Allowing § Ib for t in of conerete, 9 Ib for filling, 4 Ib 
and strips and 5 fb for plastering, we have 8r th.as the dead load per 
Jt, We have added nothing for the weight of the girder, as this will 
Iset by the portions af the floor not loaded. ‘The live load per square 
be go Ib as before, and the total load to be supported by the girder, 
igft 6 in by asx Ib, or 81 081 Ib, oF 40.54 tons, which will require a 
beam (Table IV, page sy7)- Hence by this arrangement we save 
Let the floor-beams; but 4 6-in strut-beam should be placed between 
his, 45 in Fig. 59. The calculations for any other floor-construction 
F to the galculations for this example, the only variations belag in 
fw of the dead weights of the construction. 


for Floor-Beams. It isa difficult matter to prepare tables that may 
{ly used). showing the size of steel beams required for fire-praof floors, 
Jeb bears are often irregularly spaced, and thero is a wide variation 
Hoads, The following tables, however, may be used in making approx- 
fates and in checking the computations for any particular floor. "The 
‘beams given miay be safely used where the total live and dead loads 
feed the values given in the headings. The total loads should include 
fllowance for the weights of any partitions that the foor-beams may 
Upon to support. 


KEV, Sizes and Weights of I Beams for Floors of Offices, Hotels 
and Apartnent-Houses 


‘Total load, 120 pounds per square foot 





Distance between centers of beams in leet 
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Tie-rods. In all segmental arches and other 
exerted against the beams, 1x-rops must be 
from being pushed apart, and especially to prevent the outer 
ing. They should run from beam to beam from 6ne end 
other. If the outer arches spring from an angle, as in Fig. 
this bay choxld be smdayeed ‘eho Aon, ie Sy 
tie-tods should be \ncats he, UNEK i 
ordinarily Wbelaw the tales ke wea, AE SRN 
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roofs may be built without woodwork 
concrete is used for the reof-pancls, the 
and gicders should be efficiently protect 
metal in the roof-space well protected, 
‘are stairwells or clevator-wells, the roof | 
severely tested by heat, In case of Bre, tt 
‘ence has shown that this part of the Bul 
Pitched Roofs. Pitched roofs may | 
ing to the material thar ft to be used ag 


Fig 61. 


ployed. When terracotta is to be used | 
method of construction is that which jiny 
beam rafters und T-iron purlins, set hot 
than the lengths of the tile Between 
placed as in Fig, 61, and the roofing i ap 
If the roofing is to he of slate or of clay 
thould be used \erween Ye ees, aa thie 
“3 
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tiles. The sumo construction may he used for fat roofs;" bt on 
Pexperise of the tees it will usally be more expensive thas the 
eve doserited, and not as strong or desirable. With the con» 
fa im Fig. BL. it ts impossible, by amy economical method, to 
feet. the bottom of the T irons {rom the effects of beat. 
theder comerete, or reinforced porous terracotta. tile, Johnson 
(kan excetient and also an ccemomical cunstraction for firesytoot 
Either ol these constructions may be filled between oF ou top 









U6 x19" x 15}6" 
sks. 






TLE GOVERNMENT ROOFING’ TILE 
Fig. G2. Mollow Book-tile and Solid Tile for Rooks 


Withoot tho use of purlins, except about once in fram 6 to to ft, 
tng aind to stiffen the root. 

plates of concrete, with expanded metal embedded, have been 
Al in spans of from 6 to 7 ft and in some cases even in St spank 
is deposited on wooden centerings, as in the foor-construction, 
side Ig sencothed off during the setting and floated stnooth and 
dive the rol-covering.”* 

Yering, ustally slate, or clay tiles, may be nailed directly to the 
ider concrete holds the nails nearly as well as docs wood, This 





EG. Bonanea Reinforcert-cemment Tites rw Pitched Rooks 


Ginderkoncreté, as ft fs quite imprssible to nail into rock concrete 
rete: In concrete tocls the rafters, also, should be surrounded 
held im place by metal tach. With & roofs, the beams 
feed with terracotta Mocks? standard shapes 
(eat wali renniings ili These are a 244 andy Ia thick, aod 


* Freitag 










for flat-roof construction (Figs. 6iand 64), The properties: 
in the following tabulation: 


‘Thickness of tiles... 

Over-all dimensions of tiles. 
‘Tile-surface exposed to weather. . . 
Number of tiles per roo sq ft of roof. 
Weight of tiles per 100 9q ft of roof. 


Width of tiles... 
Length of til 
Thickness of ti 
Reinforcement. 


Weight of tiles....0..0.0..2.- tebe 


‘The flat-roof tiles are designed for and have been th 
buildings for manufacturing-plants on spans of § 








He ie 


Hin a 
Te Hight 


centers; but if the ordinary’ expanded laths ane yseds it in 
chaandlé 12 in Be omtats if codlntay dicots < 
asin 9p 


t tem: 
Fig. 67, Suspended Ceiling. Details of Tworbar Syatem ened | 
stiffness 


right-angles to the bars. Where the 
spans between the beams wider than § ft, 
66; -reqquires lese.-steel, 
for the reason. that the - 
channels, having spans 
of only 4 ft, may be 
made very. light, and 
only one-third oF one- 
fourth the, aumber of 
hangersare requitel. In 
place of the amall chan- 
nels, small T bars or Hat 
bars may be used, but 
ben the bats are held 
ols 
eo channels are Fig S Calling, 
Figs. 67 * and 68* show very satistactory: details for 


* From Fire Prevention and Fire Peotedtion, J: Xi Mrelting, 
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stead of the hook shown in Fig. 67, the hanger may be 
etal bending aroupd one side of the beam-flange and the 
¢ other side, Where the exiling is suspended below terra- 
‘bolts are used for the support of the hangers. ‘The ends 
porting: the lathing are usually spliced by means of sheet- 
jim long, wrapped closely round the bars and hasamered 
td ceilings under segmental or paneled floor-construction, 
te employed, except that the hangers are replaced by dips 
ars closo to the softs of the beams, 


fastening Angles or T Bars to I Beams and Channels. 
A. Streeter patented a stec! clip for connecting angles and 


As Furnbshed 





Tho Outeranding Flanper 
Of Clip Wo be bent round, 
Bearn whoa applied 





CUip ae Pornbabed, 
1 lve Fastening Tees and Angles on 1 Teams und Channels 


dithout drilting or bolting, and they have been extensively: 
rool-comstruction and suspended ceilings Nesides effcct- 
(Away with the deilling-and bolting required by the oft 
bale the workmen to make the connections in less time, 
fv easy method ‘of adjusting T bare to any width of tile. 
6 with their «plications arv illustrated in Flies. 69 and 70. 
€ made oa the same prindyle. ‘The safe loads which may 
blike Nuor WN (Fig. 70), aod 119 ia wide, are as follows: 

















{a wood fire, the heat of which has been gradually in- 
ing the first hall-hour and maintalned at that tempera> 





L. Hollowtile or Terra-cotta Partition-bilocks 


{ the time; and that it shall resist, alvo, for two and a 
‘clusion of the fire-test, the application of & hose-strearm 


Bureau of Duildings, rgro and xpt1, for test-requirementts and 
toms, 
‘See, for Trot, Maen 





Fig. 72 Hollowale Rownd-omner and 


square blocks are usually 12 by +2 in on the face, and 
are usually 12 in long but vary in height, Both: 4 
varying from 2 to 12 in. ‘The 3, 4 and @4dn blocks 
blocks being the most popular for ordinary 
partitions, such as stair and elevator-enclosun 
6-in blocks with the double row of cells should be u 
monly set with the voids horizontal, as in Figo, 
like bricks; but at the ends of partitions al 
sometimes act vertically. Fig. 71 shows typlcal’sh 
brick-shaped blocks. Fig. 72 shows round-<comered 
tion-blocks, which must be set vertically. 

“Terra-cotta partitions of a z-in thi 
but have not been extensively used. A a-inter 
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Fig. 73. Flastet-blocks, Doweled Cot 


partitions in the newer portions of 
many other prominent buildings 0) 
plastor-blocks. 
Plasterblocks muke the lightest 7) 
the blocks per square foot may be tale 
ickniess of block, inches, 
Weight in Ib per 3q ft. r 
‘The plaster-boards, x in thick, we 
should be added to the weight of the 
partition when plastered on both ai 
ster block exten} 
Firepeoofiny 
rally made in| 
te 6,8 and sain thicknesses ‘The 
uthers 30 in long, all the tiles being & 


* Patented by the Sanitary Fireproot 








tab 





vase sold an tbe about i Ui have 
el Neth haw ane cemiccbahle 208 mantnen 


‘Metal Partitions, anal 
ieee 


cheaply 


tected against {nitial or Incipient coer 
being embedded in the cementitious 


‘eight of Plaster-and-! 
partition, when dry, Is about 26 
thickness may be estimated on a te 
for cinder concrete, slightly tamped. 


every 16 in for No. 12 screws, used 

the angles. After the studding is inp 
side of it with No. 18 galvanized wire. 
‘Venter should attach wooden’ grounds to | 





Partitions and Wall-Coverings 


(ener secre. be staphes: noe nthe netstat fs 
very.-tisid,,. In. plastering, partitions, 
Was abs-n cena Joby-asesntch-onst pa anaasana bees 


ri 
et 
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(16, Dwe inch Solid Plaster Partition. Elevation 


‘and! the usual white coat on each side for finishing. It is 
(io partitions that a mAxD-serrio mortar be used, auch ms 
g's Windsor Cement, Adamant, Rock Wall Plaster and many 





‘Two-inch Solid Plaster Partition, Horizontal Section 


Hhons acquire their strrywess largely from the solidity of the 
he firmer and harder the plastering the more substantial the 
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Fig. 79, Berger Studding 
or Furring and Stud- 
sockets 


supporting 
being secured to the flanges of the be 
Strips and channels, also, are made o 





‘Wi Tnehes and 3% Inches Wide, 


‘Winches Wide, 


7 Bi Tebow and AR Inches Wide. 
| Fig. 80, Rib-stud for Plaster Partitions 


ths up tox8 ft. The studs are made of orey-neaRri STEEL, 
0.55 lb per ft and the three-rib studs, 8g Ib pen ft, 
with # or s-in channels or studs, the studs should 
to16 Inon centers, depending upon the stiffness and rigidity 
IRitpecing should ncver be eared wheat the height of weoor 
& Por #otLow eantirions with 2-in xtuds, the studs can 
penters for story-beights of 26.4t or less, when No.2 (United 
aes 15 (United States gauge) wire lath, 24 by 





rugated expanded metal 
‘come the necessity Sor 


by sinsply slitting the sheet 

other type is made 

from thin strips of 

soft, tough steel by a 

mechanical process 

which pushes out and 

‘expands the metal into 

the mesh and at the 

samo time reverses the 

direction of the edge, 

to that the fat surface 

of the cut strand is 

neatly at risht-angles 

to the general sur- 

face of the sheet. It — 

is claimed that the 

con Worsine of this low-carbon steel increases 
MATE sTrEXoTH. In specifying expanded metal, i 
Weight of the Gnished product per square yard 
‘motal, as the strands may be of various widths, 
either with diamond-shaped (Fig. 81) of rectat u 
Jaid with the long strands perpendicular.te the 
angular mosh is the stronger of the two R 
‘gating and expanding the motal in various 
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Style A is made in sheets 154 by 96 in (x #4 yd) 

jing 3 lb per sq yd. Style BB is made in 

Roasy, 26, snd at ease ase 

aq yd. It is made ican INOOT-ROW 

Ribs are act across studs and slope down towan 
Sykes Expanded Cup-Lath, made by: the Sykes 

Company, Niles, Ohio, is furnished in Suaeiey 

coating, or painted black, or galvanized. Tt 

gauge metal, weighing ecapectively rrp P 
Standard Rib-Lath, made by the Trussed Concrete 

Mich,, is furnished in sheets 20! by 96 in, in grades 4, 

tively 2.74, 3.42 and 4.10 Ib per sq yd. This o 

Plate Rib-Lath, which is about 5s¥ heavier 

Spacing of the studs, 








Tengtl the 
Peagpantese? ‘Hy-Rib sheets interlock at the sides and ends. 
‘allowance need be mute for side laps, but for end-Laps 2 in should 





ete oe 





V-8un srirrenep Lari is 56 in. 
‘center to center, the Inth shoul 


36-in widths, with, A meshes to the 
manufacturers of this lath make, 
14 to 1 In in diameter, spaced from 


‘The Roebling Standard Wire Lath is: 
at intervals af 7} 
section and are made of No: 24 shore steel, 
tib-is the standard size for lathing on 
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plied directly to woodwork or to walls with steel nails driven 
tom of the Vas shown in Fig. 86, The No. 20 V-rib stiffened 
4 matisiactory surface for plastering, when attached to studs or 
is apart. The r-in V-rib bathing is used for furring exterior 
‘an _air-space hetween the wall and plaster, Where this 
Med to light iron furring a (is or Mi-in solid steel rod is substi- 
ii, and the lathing is attached to Hebt irom furring with lacing 
(is distingwished from the others by the term Solid-Rib Stiflened 
te Roebling lath, whether plain or stiffened, fs made with 2 by 
ind 2§ by 4-in mesh, the fast 
flown 25 close Was, 
th is adapted to all plasters 
usual proportion of hair or 
by win mesh should be used 
and thin partitions, The 
fished in widths up to 10 {1 
ing so yd im length. 
tall-Board. This is a com- 
three layers of pure gypsum 
layers of wool-elt, the whote 
Mi in thick. The bearts are 
», can be nailed to wooden 
{flat against solid beams or ~ 
be cut with asaw. They Pig, 86. Roebling Vorlb Stiffened 
itage of being very light and Wite Lath 
At Uttle plastering material, 
At reduction in the amount of water uscd in plastering. When 
(e amount of plistoring is taken into account, this plasterboard 
inetal Lath and but a trifle more than wooden lath with three 
For plastering, the best results are obtained by applying first 
hard wall-plaster, $4 to 44 in thick, anct when this is thoroughly 
With & thin coat of regular hard finish of lime-putty and plaster. 
tigations at the Underwriters’ Laboratories “ have shown Sacket 
ye Brand, to be suitable as a hase for fibered gypoum plasters, 
hhed to walls, ceilings and partitions and comted with 4 in of 
(re-retarding properties considerably higher than those of woodes 
nor lime-and-coment plaster.” The Periection Brand, Sackett's 
We ls thick, and is attached with No. 1044, Wein, Mat-headed, 
inlls, a4 tn Tong, and spaced not ntoce than 6 in at eaeh support. 
Laster-Board is composed of alternate layers of strong absorbent 
twhth fine annealed wire about 2 in on conters, wid stiffened 
th Mein iron bands, No. 52 gauge, placed 8 in an centers, ‘The 
le up to a total thickness of about He In, impregnated with n 
and every 2 in with ¥ Grevilar holes to key the 
Hadded to the adhesive effect of the absorbent paper. It bs 
68s ft long and 34 in wide, nailed directly to the studs or beans 
dm centers, and lapped ain at all joints, ‘This board is recu 
‘with hard-plaster mortars enty, and forms a satisfactory basis 
york, tm which the lap-Joint obviates the cracking frequently 
orilinary plaster-board construct) 
faction. The most important partitions in a building are thove 
€ a Vertical openings through buildings form flues and 
‘all buildings, fire-peoof as well as non-fire-proof, therefore, 
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(eis about 4 in, Under intense heat the wood Is certain to char, but 
are bong enough to hold the tin up against the wood, and the tin 
+ put on so as to keep the air out to prevent burning, the shutter 
(uuder severe strains.”* The hinges, fastenings, or hangers must be 
fhe door, not nailed or screwed, as nails or screws would pull oute 
fe. Lf bung on hinges, the hinge-hook should be built into the wall. 
was designed for use in mills, but it has worked so satisfactorily 
benerally adopted wherever a fire-proof door is wanted and its ap- 
mot objectionable. Fire-proof shutters, also, are made in this way, 
tal Board of Pire Underwriters issues complete specifications ¢ for 
bf door and shutter, and these specifications should be closely fol- 
\Eatifactory results Doors of this type, provided for the openings 
| partition-walls, are often, and wherever possible should be, hung oa 
fucks #0 that they will close automatically. Where it is desirable to 
‘open most of the time, an automatic release operated by a fusible 
Wided. (See, also, page 778.) 


Bovered Wooden Doors as Fire-Doors. Wooden doors covered 
IEASEEIY or other process (pase S99) are sometimes used as fire-tloors 
earance is a consideration, ‘They are not considered equal, however, 
MEAD TIX-CovERED WOODEN DOORS. 








fire-Doors and Shutters. For a satisfactory stext wme-poor 
Pet of steel should he used, and it should be reinforced on the back 
Ine of angle-irons, not loss than 1}4 by 1}4 by M4 in, and increasing in 
the door or shutter. These doors or shutters may operate in ane of 
fie (x) swing on hinges, (2) slide on tracks, or (3) roll vertically. 
axe. (o00K8 or shutters aro the most reliable ax there are no oomi- 
farts to get out of order. They should be hung on eyes built into the 
Walle. Stipe poors or smvrrexs must have the rails on which 
late peotected by metal shields to provent obstruction. For larger 
the Rocums suurrens are generally preferred. They are made in 
[Jointed sectional ateips, which wind up on a roller placed in a pocket 
Hopening, the ends moving in metal grooves to hold them in place. 
trally operate vexticaty, although some are made to operate 1oRi- 
{the rollers being set vertically in pockets at the sides of the openings. 
(Sf are more apt to get out of order. ‘The VERTICALLY operated doors 
fare balanced by springs or weights to make them move easily up 

Where they are Intended to he closed in case of necessity only, they 
WW weighed And held open by means of fusible Winks, so that in case 
¥ will close automatically. 


Metal for Fire-Resisting Window-Frames and Sashes.t These 
tade weather-tight and perfectly practicable in all respects, and should 
Wherever fire-resisting windows are desired. The sashes are made 
for holding wire-gliss. These Suxer-METAL winbows are made io 

‘of forms to mect all purposes and the sashes may be stationary, 
Ither horizontally or vertically, hinged, ot double-hung with weights, 
wary For factories, warehouses, stairway's and clevator~ 
(tationary lower and a pivoted upper sash are commonly used, as this 
lapest. type of window, ‘The double-hung windows are now made 
ts smoothly as wooden sashes in ordinary box frames, For offices, 


© Insurance Engineeeing, Dee, 1909. 
To be bead foe the asking. 
See, also, Hollow Metal Windowt'rasece seal Sashes, pape 9o2- 
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B which forms ono side of the circuit has a thick coating or wall of 
aly. over this is an Insulating coating. A number of fine wires are 
this coating to form 4 secood conductor. ‘The whole is then covered 
insulation. When fame or a dangerous degree of heat comes into 
this wire it establishes electrical connection between the two car 
Giver a signal on the premises equipped. 
ied Fire Alarm Company, of New York City, controls a device 
AUTOMATIC 7EK-ALARMS, which consists eweutially of an alrtight 
‘ef about %¢ in interns! diameter, inserted every 10 ft along a main 
fe At the end of each tube is attached a metal cylinder mith « di 
Nd by a soldered cailed spring. Under the unusual heat of a fire, 
plug melts, celexses the spring which actuates che diaphrasta and 
hipulse of air through the tube. This air-haramer operates a rogulie 
for sending an electric alarm to a central station where 
Whe alarm can be determined by the nature of the signal. If caused 
signal is relayed to the firo headquarters. At the same time, aan 
WB asually located in the first story of the building, éndicates: the 
which the original impulse was given. ‘The soldered-spring thermo- 
Keaited in accordance with the requirements of the National Board of 
fwriters* 
fetican District Telecraph Company and the International Electric 
[Company of New York City control systems which utilize the prin- 
[E -EXPANSION oF are UNDER txaT. A small copper tube which is 
bel sfe-tighe fs installed in one continuous length along the ceilings 
| (At the end of its tour of a room this tube terminates in a box con- 
bensitive diaphragm. When the temperature of a roam reaches & 
fe of from rs0° to x53" F, ut an undue speed, 4° or $* per minute, 
|the tube expands and sets up a pressure on the diaphragm, which 
leetric clreuit. Falsealarm vents aro provided in the diaphragm. sa 
hit rise In temperature brought about by natural causes is taken care 
\nir allowed to escape without sending in an alarm. 
fetirde Fire Alarm System, as installed and controfled by the Con- 
Fire’ Alarm Company of New York City, consists of two continuous 
MM electele clreults with saldered colled-spring thermostats distributed 
fee with the Underwriters’ requirements. Should contact he broken 
It in dither one of the two Greuits, the transmitter § tripped and 
(false alarm to the central station, thus serving as a TROUBLE-sIGNAL 
[rating company and indicating thst the system is out of onder. In 
| fire; both fuses go, breaking both circuits, and thus transmitting the 
WRAL Pimx through the central station to the fire department. At 
time, an annienciator in the station picks out the particular story of 
te from which the signal was sent, 
(de Sprinklers, “An actomaric speoveces is a device for distribut- 
iy means of a valve which is arranged to open under the action of 
form's fire which it is intended to extinguish. ‘The distribution of 
fh results from properly located sprinklers occurs in the form of a 
Kor drops, and is sufficient to drench almost any inflammable stock 
} point of ignition. The distribution is also economical, as the water 
tnly: applied than from a nozzle attached to a Gre-hose, and the source 
above the fire. Whenever combustitile morchandise constitutes 
feof a building, avromaric seanvxiees are of great value, and in 
(fa height so great as to make the upper stories difficult of access, 


gSymtems Recemmeided tiy the Nathsaal Fir Protectine Association, 292%. 
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CHAPTER XXIV 
[NPORCED-CONCRETE CONSTRUCTION * 
By 


RUDOLPH P, MILLER 
EXT OF BUILDINGS, BOROUGH OF MANHATTAN, NEW YORE cry 


1, Introductory Note: 


«The term aenvrorcep concer is defined in the regulations of 
& City Bureau of Buildings as “an approved concrete mixture re- 
(eel of any shape.” The Philadelphia law has the same definition, 
Hon, “so that the steel or iron will take up all the tensional stresses 
te resistance (o compression and shear.” 


Notes. The great value of concrete asa structural material when 
Kompression only has been recognised for centuries. ‘The use of 
Jerete, however, asa practicable and commercial form af construc= 
lumtively recent. It is truc that as far back as 1869, Francais 
tzis took out letters patent on * combination of iron and conerete 
{before this, in 1847, the principle of reinforcing concrete with iron 
lied by P. A.J. Monier, a gardener of Paris, to the making of large 
still, the general application to buildins-construction did not occur 
inaidalle of the last decade of the nineteenth century. In its develop 
inst applied to bridge-construction. ‘The discussion of the subject 
‘et is confined to its use in the construction of buildings. The 
dle.of a building of roinforved concrete in this country, and probably 
jis that exected in 1875 by W. £. Wand, near Port Chester, N.Y. 
Lanly all the external and internal walls, cornices and, towers were 
concrete, but all of the beams and roots were exclusively made of 
lorced by light iron beams and rods." t 
fon of Reinforced-Concrote Work. In general outline, a build 
in reinforced concrete consists in the usual preparations of the site 
fh oF otherwise, the provision of suitable foundations for walls, 
her supports, the erection of a series of wooden molds or forms, the 
necessary steel reinforcement, the pouring of the concrete and 
bf the forms alter the concrete has set sufficiently to sustain itself 
that may come on it during construction, From the beginning 
im of the forms the successive steps are progressive, that is, the 
P steel and pouring of the concrete are going on in the lower sec 
les while the forms aro being erected for the upper sections or 
hat in a large operation the carpenters, the steel-setters and the 
uy all be working at the sime timo, one set slightly in advance of 
thout interference one with the others. ‘These several steps ln the 
considered in greater detail in Chapter-Subdivision 7, page 962, 
‘einforced-Concrete Construction. 


He In general and Mase-Concrete, sce Chapter 111. pages 240 to 2st; for 
deerete without Reinforcement, Chapter V, pages 24) to 287: and for 
Kczvte Fectory-Construction, Chapter XXV. See, also, Chapter XXII, 
tars ttn Mistry the vader refered to tbe lan Contin 
Wabi to Edwin Thacher’ artite &y Eusiaceriag News, March a6, 1903. 
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Steel. ‘Iwo grades of steel wre users for the reinforcement, 
Sram. Mrip or weofem srmet is bed for all 
aed is the ordinary aeacrantsrtet. It has an wltimate 
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‘Table If. Specifications tor Reinforcing Steet 


(be rolled from now billets to meet the following’ Mansfacturera’ 
feanions: 

















Alternative specifications for 
All ateal except deformed bars only 
mmsidered | alternate for des 
Sormedties Structural Hard 
grade wade 
,_|{ Oren hearth or | Open hearth or 
Open hems Bessemer Bessemer 
fusimum 0.08 0.19 6.10 
HWestremeth| | Go 000. 55.608 80 060 
quae inch | ' to 70 000 to 65 co (minimum) 
‘eninimuse 
\quare inch e% TS. oe $2 000 
felsimum | | _tacocno |’ __1 3980 
He. tensile strength | tensile strength 
tho%, to a dlam| Bars under 4 in, | Bars undee 94 in, 
(tents, with-|] equal tothe | x80". de 180", df 
| ewes thickness of | } in andover, | 44 in.and over, 
pleco tested tho? deat ew dwat 











embers. Reinforcement is used in a variety of shapes and com- 
4y all of them patented and some of them forming the basis for 
fas. Where the reinforcement is employed to take up tension, 
‘girder, the nown between the concrete and the ster! is relied upon 
TRASLOWAL SraRSSES in the steel, The plain bars depend entirely 
mow of the steel and the concrete for the action of the two mate- 
‘tion, or the full tensile strength of the rod is developed by anchor- 
to the concrete at the ends, in which case the beam becomes more 
(trussed beam with the rod as the tenslon-member. In croas: 
bars are usually round or square, though sometimes flat bars, 
‘other shapes are used. In regard to the uso of square bars and 
pes, It is contended that the edges start initial cracks in the eon 
ks in’setting. ‘Twisted flat bars, when. placed too near the sur 
rete, cause a spalling or breaking out of the concrete from between 
8, when the steel is uader stress. 


Bars, With the neroxwep sans the adhesion of the concrete to 
pplemented hy a amcmanicar noxp due to the shape of the bar. 
deformed 


+ Dwisted Pig. 1, ‘The Ransom Twisted Nar 
are made : 

| twisted cok. ‘The work on the bars in the twisting process in- 
ite firnlt and the tensile strength; but the amount of. the Increase 
[atiations in the grade of rolled steel may result, after twistine, 
variations. The users of this bar generally assume 4 working 
ib persa in. The patent on this bar has expired and it may pow 
fone. Strictly speaking, this is not « deformed bar. These 











Himit of from 65 edo to Bo 099 
Ib persqia. 

Corrugated Bars. Cor- 
rugated bate (Fig. 3), both 
square and round im cros 
section, dre made by the Cor 
fygated Bar Company af New 
York City and Buffalo, N.Y, 
of both medium and bigh- 
elasticslinaly steel with a fad: 

Paint of about so 000 Ib. par 
sqin. Corr-Bars are furnished 
either straight and cut te lengthy, of 
sites are as follows: 





Site in (nehed 








Net area in square 
tnches 

| Weight jer foot in 
pounds 














Ste in inches | M4 


Net area in square 
inches 

Welutt ger foot in | 
pounds... 





The Havermeyee Bar. Tho Havermeyor Bar me 4), controll 
Concrete Steel Company, Youngstown, Ohio, commits of sqteare Aad 
rolled with a series of gradual projections 6m all —_ the 
#0 designed that there is a constant 

tho following sizes and weights: ~ = 
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T 











‘Square bars Round bars 
Areainequare| WeisSt per | Area in equare| Weight per 

inches | foot in pounds inches — | foot in pounds 

etes one 0.0498 0.67 

8.8406 0.438 0.1105 O35 
0.83 9°19 0. 
ryt ©, yo 103 
roy 04418 a) 
2,603 0.013 20u 
3.490 9.7654 2.60 
4.503 2,940 a0 


S38 waa 43 


j 








Fig. 4. The Havermeyer Bar, Square and Round 


fond Bar, ‘he Disenond Bar (Fig. 5), put on the market by the 
e Bogutering Company, New York City, is daimed as the only 


[ce 
bere Is 
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yo 
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(eis in Fig. 5. The Diamond Bar 









jcally «round bar, and as sudden transitions from one section to 
‘avoided, all tendency to cause initial cracks in the concrete is ove 

come, The weights and 
areas of Diamond bars are 
equal to tho of plain 
pquare bars of like denom= 
trations. Bars from to 
314 in tn diameter may be 
‘btained {ror the Concrete 
Steel Engineering Come 
yuay,, of New York Citys 

Bar. ‘The Rib-Rar (Fig, 6) manulactured by the Trussed Com 
(ny of Detroit, Mich., is @ rolled section with a series of cross 

















se Seeses 


The Ovoid Bar. The Gabriel omar 
Mich., (uosates the Oveld Bat (Pig 7h la wees a - 


Area in square 
inches 

Weight in 
pounds. 


Wire Mesh and Expanded Metal. Other types of 
such as Wrer-Mest FANRIC and EXPANDED METAL fm Varioas 
discussed in Chapter XXIU, Fireproofing of Buildings. Wire! 
into very general use as a slab-reinforcement, a ft resists 
and the cracking of the concrete from impact or 


reinforcement in both directions, rigidly wpaced and attaceed oF 

gether, This additional advantage is claimed for ir; it proridles 

in all directions, thus taking care of concenteated Foads 
Anchoring. Different methods have been used for Arora 

bars in reinforced concrete. In the Hennebique system of 

where plain bars are use, the ends of the rods are split and flared eat. 

constructions the ends of the bars are simply tumed: at 

direction as is most suitable. In some instances nuts 

Placed at the ends of rcinforcing-rods. Where reinforoed-ey 

Used Ln connection with steel columns the rods ame rusi 

or through anglebrackets and secured with uth 
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fom. ‘The strengths of the norm between concrete and steel for various 
bars and differing conditions are shown in Table IV. After the bond 
| the reinforcement still acts in conjunction with the concrete, due to: 
Oe FRICTIONAL RESISTANCE. Numerous tests have shown this fric- 
[tance to be about two-thirds of the initial bond-strength. The 
(exoru for ordinary round or square-section bars may be taken at 200 





Fig. & The Hennebique System 


per sq in, depending upon the character of the concrete and the degree 
fies of the steel. Mucwaxicat nop depends upon the shape of the 
the compressive and shearing strength of the concrete. 
‘Members. In many of the tests on full-sized concrete beams, failure 
the development of diagonal breaks near the supports, ‘The first 
tack in a beam, with nothing but horizontal tension-ateel at the 
beapt to occur when the maximum VERTICAL siteaR is from 160 to 260 Ib 
| Since the vurtical shear is accompanied by a MORIZONTAL swHEAR of 
bvity’ in all parts of the beam, it was formerly thought that this ding- 
fre was due to, these sheuring-forces at the end of the beam and vertical 
be bent-up rods were provided to resist the horizontal shear, More 
fave shown that the siamo srrwarm of concrete-is from 60 to 
compeessive strength, and that these cracks arc diagonal and in the 
which could be expected from the Timomy OF DIAGONAL TENSION, 
fributes them to a combination of the shearing-stress with the hori- 
Walle stress. ‘The friclined cracks which first appear are due to a rupture 
ferete in tension. The most effective way to prevent this rupture Is 
reinforcement in the direction of the stress that is inclined upwards 
supports, as nearly as pouible normal to the line of the diagonal 
Jertical reinforcement could be usd, but tr would pot act until def- 
lor downward displacement of the concrete occurred on the side of the 
by from the support. If vertical stirrups are usec for this reinforce- 
must be spaced a less distance apart than the effective depth of the 
they must bo looped around, though not necessarily attached to, the 
[bart When inclined reinforcement is uses, it must be rigidly at- 
[the Jongitudinal members and spaced a less uistance apart than the 
of the beam. The reason for this ix thar the magnitude and in- 
dingemal tension increases from the middle toward the end of the 
inclined 45° where the horizonta) tenia becomes zero, 


& ne 





The Kahn Bar. ts the Kate Kool ROO ae 
stirrups to the tension-member is positively secured. The be Natie 


Fig. 0. The Kahn Bar 


cross-section with webs rolled on them at two diagonally op 
stirrups are formed by shearing these webs through) a io of 
tuming up parts, as shown in the cut. “These 
tum up fin pairs oF $0 as to alternate on Opposite ‘adee of th 
spacing of the stirrups closer than when turned up if pains, 
Incidental to the use of this bar és that the greater effective 
stecl is at the middle, the point of greatest bending aoes 
loading. Two dissdvantages, however, are the o 
the wings above and below the bat, and the lmltatiog 
Tength in deep beams, This bar ix controlled by the 
Company of Detroit, Mich. 
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: Fig. 13, The Cummings System. 


Fee eres Oe hh cman of eaten ee 
members bent diagonally upwards across the beam and con- 
3 upper surface to the end of the frame, Diagonal members 

all the region of diagonal shear in both ends of the beam. 





Fig. 14, ‘The Latin Truss 


facets spa te hate age bind 

oy the National Concrete Company, Indianapolis, Ind. 

ts Units, The Corr-Bar Unit, 15, made by the Corrugated 
is provided with « continuous stirrup of both 





Fig. 15. The Corr-bar Unit 


ned web:members with o rigid anchorage at both top and bot- 
[iitese’Telition this kpc of retort Bri coeakleraBy 
fo obtained in verti shear. 
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(msand Slabs. Different formulas for the design of reinforced 
‘ams liste, bse on visio toatl eonideration, 








(of rectangular cross-section 
M= M, = Kbdt () 


R being determined by the formula 


(ay n) (" =) ) 
P Q) («= (HS) 

can be deduced from the LAWS oF rEExuR® of beams and the 
noted above. 

ee ee rte Ae Pee oad 


| Se for any given ratio of steel to concrete, p, is a constant, £0 that 
of Si and S- must be used. Tila td reat 
oF RxtNPORCEAtEST, is the expression in 





first parenthesis 
i ‘of Formula (a) 
E : $s ED a 
E- at) 
fr : 


and x for corresponding values of », for different conditions 
bbeilding authorities of different cities, are given in Tables V, VE, 


bent of resistance” or the “resisting moment” referred to any cross-section 
berleontal position and in a state of flexure under a load or loads is the 
the ternal horisoatal stresses with reference to « poiot 
‘and the “bending moment" for that section is the algebraic sum of the 
forces on either side of the seetion (the forces on the 


Fi 
H| 
tf 











SSEES35 


peeeaoeo0gee 
SSESs 








giidigeress 
rirzarrestisass oe @PRREREES 








eeee 


ierteeesrstset: OSB $084) 


t2tes8 


wooowos SRSnnrestce 


SRERSERIARIIELE SRE RIES 











Design of Reinforced-Concrete Construction 
‘Table VI. 





Values tor Formulas for Reinforced Concrete 
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| VEEL Vatves for Formulas for Reinforced Concrete 
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(ble X. Values for Formulas for Reinforced Cinder Concrete 
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teed-Concrete Beams of Rectangular Cross-Section. In determin- 
(OF MRAM Feejuired for any given case, r and the limiting values of 
dire generally given, and A’ can be determined for any ratio, p, of eno- 
ee The value of M, the waxtwcy expec wowenT, that is, the 
loment at the DANGEROUS sKCTION of tho beam, is determined from 
ions of loading, the span and the spacing; and the width and depth 
(ms are to be found. Formula (1) may then be put in the mare con- 


M 
VE 


(3) 





These formulas apply to rectangular b 
)) is the maximum moment due to the ext 
Sng moment. ‘The valoeof seat ie 








we Reinforced-Concrete T Beams. Fig. 17 shows a croassec- 
te reuting rum the we ofthe sab as part of tho bey ad 





ig. 17. Cromsecton of Relnforced-concrete T Beam 


the, the notation wsed in the formulas. In a construction of this 
may be considered; 
© noutral axis may fall below the flange, in which case 


a= sioa(a—!) (re) 
Se t 
u=Svi(s-t) (a) 
nulas the small Ane oe in compsession flange 
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Paastic Properties of Broken-Stone Concrete Twelve-Inch Cubes 
Modulus of elasticity in 





toa pounds per equare inch 
Between land of 
Aer | sc and | Goo and |: comand] Tet# made by 
|| Brotces oo. | rece | 2000 
stoce Tb per | tb per | lb per 


sqin | gin | sin 





4 | 7 days | 2 s25 006) 2.054 c00) + st coo) 
4 | emo | 2 G62 ccc! 2 445 c09] 1 462 200] 
4 | amos | 3.671 2x0) 3 te C80] 2 58 co 
4 | 6 mos | 3.646 cox) 3 947 coo] 2 $82 cco] 
6 | ays | 1.869.000) 1 $30 000) 

$ | Emo | 2498 cool 2 £45 coo) £ 219. co) 
6 | 3 mos | 2.976 cco) 2 636 o00) 1 Noss cn 
6 | & mes | 3 608 000 3 505 000) x 848 000 
tz | Emo | 1 376 coo) 

4a | yon | 1 Gaz coo) t 3h) ome] 
12 | 6 mos | 1 430 000] 1 $22 ovo) mi 

















* Tests of metals. U. 3 A., 1899, page 748- 

Stresses. ‘The wonxixo srertsrs for concrete and steel allowed 
{ies are given in Table TI on yage 918. In the determination of 
Of S,, Sy and r as taken from Table TL are substituted in Formula 
(tue of K may be taken directly from Tables V to VII, pages 930 
hatltuted in Formula (5). For Af in that formula, the maxrartint 
‘ext due to the external forces is used. 

foments in Beams. Beams and girders are usually considered 
ats, that is, a8 beams supported at both ends, but not built ing 


Sa! 


teindorcement for Uniformly Distributed or Symmetrically Maced Load 


fat | 











Relaforcement (or Unaymmetrically Placed Concentrated Load 


knntinuous, although in many instances they are actually carried, 
§ weaws, over the supports. If continued over a support, there 
IRRNDING MOMENT at that support, and this negative bending mo- 
€ taken care of by reinforcements in the upper part af the beam. 
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) the resistance of the concrete to shear is not sufficient, web: 
be provided by one of the following methods or by a com- 


to or looping around the horizontal members, stirrups or 
“attaching inclined rods to the horizontals in such manner as 


a part of ae sealer teeta tain Rs 
ng against the diagonal tension iol aDipiai meat 
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Rich Mixtures of Concrete. bere 2 proportion of 
mixture increases the ultimate strength of the concrete qin 
‘effective in designing columns with smaller crost-sectivnsal area. 
compressive strength is alio accompanied by a higher mod 
Furthermore, the employment of a rich mixture also permits of 
tonal stresses in the steel and consequently @ mare 

intemal stresses in a monolithic member, however, may be 
plicated by the excessive shrinkage of rich mixtures which Ba 

crack. The New York City Regulations previa es ir 

umns the compression on the concrete may be tnerexsed twenty ee! 
the fine and coarse aggregates are carefully selected and the: 

to total aggregate is increased to one part of cement to mot 
one-half parts of aggregate, fine aad coarse, either in the 

Part of cement, one and one-half parts of sand and three parts of 

oF in such proportion as will secure the maximum density,” 





fer the concrete construction and so that there will be a con~ 
construction; a eth pn eee 


in its wowourrtic character. cast-iron columns are 
tare fim ny bea we rai ah 
sagen’ | | Sr 
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Romneetions for Cast-iroa Columns and Reinforced-concrete Construction, 


| name aaagy onde Fig. 21 shows how this bas 
fa building at Gay and Christopher Street New York City, with 
aes ite iesnes ts qaneticon 

Tn Srert Cotuars it is simpler to provide connections: 
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Company of Detroit, Mich., in which steel 

bottom blocks The advantages claimed 

fighter weight of construction, larger 09 

centering. The Floretytes arg furnished fx 

of 6, 8, ro and 12 In. ‘The’ width at the base ti 

tapering at an aruda of 7°50" ‘They are! 

serrated edges for use with the company's Hy-tib 

‘edges for use where paneled ceilings are required. 
Two-Way Tile Systems, ‘The sime princ 

systems Just described is involved in the Faber 
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Resistance of Reinforced-Conerete Construction 957. 


Dninetoen tests made under the auspices stated, seven were fails 
passed, showing more or less satisfactory conditions® 


KIL Tests of Conccete Blocks Heated on All Sides 
eckmens, 6 by 6 by rin prisms; proportions £3234 
Age 2 montlis; temperature 1520" P, 





Aparegato 





Limestone | Trap-rock | Cinder 





Sconces | 4; 000 | TOV 000" 





209.000 | 2§0.000 49 520 
see] aapeno | s7k-0e0 
Ge0ecen | 4355000 | gn coo 
Bisco | de3 ceo 
188 co 
s6y7e00 | 4asscoo | grscoe 
i a2scc0 | HB ooo | A. 
sin: 
2740 3p tape 
ius 1403 7 











te | mr coy 





XIII. Concrete Blocks Heated on One Face Only t 
peckmens, 6 by 6 by 14-in prisms; proportions t:2:4 
Age 2 Months; temperature 1 500° P. 











Apzregate 
‘Treatment — 
Licsesione | Trap-rcle 
Aleity. hested  hosre | 

400 200 000, 

524 700 28 000 

Te Teo 379 ono 

fe rps 











‘, from n study of tho tests in detail,§ shows that to a depth 
Tin the concrete Is seriously impaired and easily washed off by a 
jlied to the furface. Any stone containing an appreciable per~ 
emate of lime will calcine and cause failure. Where the con- 


Int Of these tests, sce Table In Proc, Am, Soe. for Test. Mats., Vali WI, 
tests have been made since that report was submitted. 

tes Teats Mats, Vol. VE, pase 446. 

be for Test. Mats., VolLOVE, pane 443. 

eperts are on file in the Bureau of Huildings, Borough of Manbattan, 
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tmay be to to the seemingly impractical method 
Hesforcement with grout before placing in the concrete,” nl 
and physical tests,§ made by George of 


joa of the ‘consoston or stext in cryorn concartE Profesior 
tx: “There is one limitation to the whole question, that is, the 
teting the steel properly incased in concrete. engineers 
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A and might be 

‘small jobs, where it would be uneconomical to set 
‘But a much more unifarm product will result from 

Sonne rots sats Sa 


MANDAUXING can be 


mixers are cithce CONTINUOUS MIXERS OF MATCIMIXK IS 

s mixers the materials are fed sometimes by hand and sometimes: 

land the concrete ismucs continuously. The product, however, is 

fe as Gniform us that from the Leeanitint) for when Men 
‘constant supervision, whereas wi ‘continous mi 

6 is teliod upon. Of the batch-mixers the ROTARY rere is the 
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Number and Arrangement of Colurnns 960 


cams are arranged along four sides of a square, a column being 
ch of the four comers. ‘The simplest type of reinforced-concrete 
for factories is some form of the beam-and-alaby typo with walls and 
beced comcrete, ‘The ciapERLess type consists of a heavy Mat slab 
(columns without the use of beams or girders. ‘The column-head 
> form @ large bearing-surface und the columns are spaced #9 as to 
bays os ner as pone: ‘A typical example ls worked out at the 
In general, as few columns as possible should be used to support 
dee that they may not interfere with the placing of machinery, and 
(most economical use of the fooe-space. ‘From the standpoint of 





Vig. 4. Cross-section of Building 


lon, however, the use of one column to mot more than 
eapace has been found to meet average requirements. This, 
‘sot inclode construction of a special class. Adopting this, then, 
andl bearing in mind the fact that the nearer a building comes 
fm plan the less is the total length of exterior wall required to 
area, it can be assumed that a four-story building 75 40 wide 
of columns, making three spans across the building, is a suitable 
purposes. (See Pig. 1.) 
‘Of @ Building of this width, with story-heights of +4 ft, 
be ample for moat purposes. ‘There are always some parts of 
for which @ strong light is not absolutely etential and which 
to aisles and fo the storing of material in process of manufacture, 
‘of the Boorsnice is generally use! for this purposes, while the 
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interfere with the judicious placing of 
columns along the contral axis of the 


‘columns in the building, 4 

nga a Typical Bay ‘The design of 2 
tioned above, 25 by x6 ft will now be considensd. 

(Pigs 1 and 2), it is seen that the windows occupy th 

area, tho sill being set much lower than i sata fx 

done to avoid the necessity of the construction of an 

a5 the lintel over the windows belay performs th 

= floor und forming a curtain wall, ‘The head ¢ 
the under ade of the foorala to simplify, the 





Design of a Typical Floor-System OL 


und at the same time permit the window to extend to the ceiling, 
ducing the light at the highest possible point and allowing the rays 
into the room. Tho first bear shoukl be set as far back as possible 
(de wall and windows, so that the angle of the direct rays of light 
‘tly horizontal 2s practicable. It will be found best to have the 

Tur across the building, bearing on the walls and interior columns. 
frmay be made as deep as coonomy’ of design suggests, as they run 
Rhe light-ray's and do not interfere with the lighting-scheme, Again, 

is relatively very economical, It also acts as a stiffener across the 
fenaion of the building, thus increasing the resistance to vibration 
pving machinery, 

Floor-System. The various clements of the floor-system consist 
firders, beams and slabs. Each of these will be considered sepa- 
Fe load of 120 Ib per sq ft 4s ample for light manufacturing purposes. 
dad prescribed by the Building Regulations of the City of Phila~ 


The spacing of the beams should be governed both by economy 
construction and the maximum distance a slab will span while 
load safely. It is impractical to make a slab loss than 3 in thick. 
pt, with concrete weighing rs0 Ib per cu ft, is 37}4 Ib per sq ft. 
lm s-4n cement finishing-coat, weighing 1214 Ib per sq {t, to be laid 
tte, the total live and dead load which the slab must carry, if it is 3 
bo Ib so Ih = 170 Ib per sq ft. Referring to the diagram of the 
teinforced-concrete slabs (Fig. 18), calculated on a basis of the 
fent equaling Wi/r0, no carve is found in the sein diagram for a 
| carry a load of 270 Ib per sq ft. Some other slab must be use, 
tarry thie load. 

‘Reinforcement. Referring to the diagram of the 4-in slab in 
billowing: the f-ft line until it intersects the horizontal line opposite 
fa ft, it is found that a 4-In slab, reinforced with e195 sq in per fin 
in square bars per foot, will carry slightly more than Is required for 
[Westion. ‘The total load, if the slab is 4 instead of 5 in thick, is 
fj ft, and as the 18734-Lh line is the nearest to this load, the 4:ia 
pd as above, isadopted. ‘The rehsforcing-rods are placed £ in from 
the slab and are of sufficient length to extend over two spans and 
tach enid; the joints are made over the beams and not in the space 
a (Fig. 3). 

ke, The beams running from girder to girder are considered next 
te span, omater to center of girders, is 16 ft, and the distance apart 
king an area of 100% {t carried by each beam. To the load per 
if 2824 Ib must be added the weizht of tho beam itself, which is 
(© 15 BB per aq ft of floor-area, making a total of 197% Ib per sq ft 
bby the beam. ‘This multiplied by the ares, 109, equals 19 750 Ib. 
foment cunsed bby this load on the beam, based on the formula Af = 
for partially.restrained beants is the one generally used, is 79 200 
(ib acts with the stem or beam to form « T beam nnd hence is as- 
he compressdon-flange of the girder; and as the slab is.4 ln thick, the 
team and the amount of reinforcement can readily be found by refer 
1, which is the diogram of the strength of T beams having a 4-in 
pame-depth In the diagram is the depth of the stem below the slab. 
fim opposite the center of the space between 550009 and 400 000 
tod aide, the depth of beam that best suits the conditions can be 
iat the bottom af the diugrac is sivea the total area of steel to 








square bar is 0.47 39 in, and hence a nl oti as 
square bars, is used. The width of the beam shou ld 
determine the width of the beam-stem is te allow 1% § 
fon the aides of the bars and arrange the bars 

three or moro bars, The distance in a 

bars, should be 24% times the diameter, but 

spac: between the bars horlenaly, to perm 


‘Arrangement of the Bars. Assuming 
‘conter fo oxater, of the two bars is x in. 
bars on. their diagonal, which is about 14% in, 
sum is 6 in as the width of the beam 
perfectly practicable to arrange the fou 
the beam} but the width would have to be 

i n additional objection to the Itt 
thus adding to the dead 
‘should be 2 in of concrete under the bottom 

Width of Beam. Of course, the width of 
permit easy pouring of the concrete. Where 
not good practice to make beams hurrower thas 
sty 36 in, 6 in would be too narrow a width’ 
clean out the beam-forms Practical consid 
the width of Wem, 








Stirrups and Reinforcing-Bars 973 


There should be in coch beam and girder a afficient number of 
jade of at least Sein round bars, bent U-shaped, run under the 
Asand extended up into the slab with ao angle-bend 6 in long, If 
de ginder is short and excessively deep, 4ein round or heavier stirrups 
lee. ‘The function of stirrups is to unite mechanically the slab 10 
© that perfcct T-beam action will result, and aleo to assist in the 
fo bincoxaL menston or steAK as it is commonly called. ‘The num- 
Nipw in a beam should be approximately one for each foot of the span, 
Gentér, but the spacing should be as stated below. ‘Thus, a 16 
fe not less than sixteen stirrups, that is, eight on each slide of 


(Spacing for Distributed Loads. For beams with distributed 
btlerups are to be spaced so that the minimum distance between them 
in io ordinary 

the’ maximum = . a 
pi more than 36 
fet et the [pete 
Id be divided = 2 
papas The 
barest the sup- 
Wd contain ap 
 onehalf the = ae 
ptirrups allotted eS 
Fthe beam, or te 0s 
the total nun- 

midillo div % : 
ttalm one-sixth = Wise Dew 
(umber, and the - WOLwCl, 
(xt to the con- 
jnetwelfth the 7H a**Sptice nota 
fee shown in 
he istribvutiCn | emeowtpeme 


Bent 
‘a sursighs 
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{te this should Vig 4. Section Showing Elerntion of Beam 


for Concentrated Loads. When thore are concentrated 

should be designed to suit the loading, but im any case, 
nce equal to about one-fifth the span from each ead, the stirraps 
paced at feast from 4 to 6 in on centers A good rule to follow is 
fe side of safety and to put in plenty of stirrups, if the determination 
fe number is in doubt, as there should be # sufficient sumber of them 
fat part of the diagonal tension not safely resisted by the concrete 


jengement of the Bars in the Beam is shown in Fig. 4. The 
bars are bent upwands near the supports to resist the negative bending 
hich cuss tension at the topof the beam near'the supports. These 
Lextend into the next spanat least yo in to form a tie, Ap rein 
(rote is of a monolithic character, it is peorssry to bytroduce metal 
ver the concrete ts subjected to tensile stresses, While it is not 
(p prowide as much stecl at the top of the beam over the supports as 
[for mvatrained beams gives, if sof% of te area Ja the beam is carried 





ae 
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‘Golumn Footings. 
Pig. 6. 


The Girders. ‘The girders running aero 
basis of carrying thelr own weight 38/8 ‘bl 
centrated loads at the points where the beams 
the illustrations, Figs. 2 and 5, it will be noticed t 
‘each side supported by the girder, the fourth: 
Each concentrated load equals the total load on the 
Weight of the girder can be assumed as 20 Ib per 
= Sooo lb. This acts ana distributed load. © 





Girders and. Lintels 975 


‘The bending moment at the middle of the girder from the 
I distributed londs is peo 


8 000 300 
3 





(9 Gas x 1390) — (19 750% 75) = 3 262 sco inlb 


ig-Bars and Width of Girder. Referring again to Fig. 21, in 
The space oppoalte 3 p00 coe and 5 250 000, the line of a a6-in deep 
ip to intersect the vertical line representing 8 sq in of steel. Hence 
Aare bars arranged in two horizontal rows ace used, ‘The width of 
be 22 in in order to have the proper distance between the bars and 
fame have 14 in of concrete fireproofing on the sides (Fig. 7). 








th of the Slab on each Side of the Girder is found by miulti- 
lea of thessteel by’ the number on the line of the 26-in beam, which is 
fastant is used for any-area of steel when the beam is 26 in deep; the 
the other beams are to be likewise used for their respective beams, 
Mi this girder, the width of the T beam is 87x 8 ~ 69.6 in, or 34.8 
ide of the middle of the girder. ‘The portion of the slab uses at 
‘of the girder or beam should not exceed on each side of the beam 
le Mlab-thickness, nor one-third the span. In the case now being 
the fimit is pot exceeded. Similarly the width of the slab acting as 
ffon-flange 








‘of the s4-in beam is 2}4 x 12 = 27 in, twelve being the 

[et-in beams. 
ts. The next member to design is the lintel, or spandrel beam over 
2,6and 8), ‘This should be, for practical considerations, 6 in 
be bottom of the lintel is flush with the bottom of the dab, the dlab- 
[h into the lintel over the top of the lintel-rods. In addition to the 
je lintel there should be bars of the same size as the stirrup-bars, 
{a2 in apart and bent at right-angles, one Jeg extending up 12 in 
‘Land the other 18 in out Into the slab; or else the slab-bars should 
Extending into the lintel 12 in. These make a perfect tie between 
Tintel. The bottom of the lintel should be made with a rebate to 
tend of the window-frame. ‘The load carried by the lintel is the 
Pislab, the weight of the window and the dead weight of the lintel. 
‘a the Goor-slab is 954 ft (the clear span of the lintel) x 3 ft 40M 
Ib, the load per square foot on the floor-slab, or a total toad from 
lofy grr lt. ‘The total height of the lintel to the window-aill is. ft. 
thick this makes the weight per lin ft 75% 5 225 Jb, the total 
[Mintel being 22536 1344 5 038 Ib. For the window 10 Ib per sq ft 
{Whe area being r3}4% 11 St, the height of the window, or in even 








pes errs he depth 27 
the steel. This is. 


more than 


‘The Load from the Roof. 
and 10 Th additional for = kata “ 


oe rete eeu Wea Ea 

sis usually requi S744 Ih per 

50 Ib per sq ft (x2 plus 18), making @ total d 
covering. Adding the ive lad of 4a to this gives 
dead and lve toad. 

The Load on the Fourth-Story | M 
44.000 Ib, not counting the welebt of the: 
no column should be made less than 0 by 19 in 
‘therefore, soo Ib per sq in unit stress on the « 

‘unit stress allowed by the Philadelphia 
columns with vertical reinforcement, the 
column js 100 times 500, ar $0.00 Ib, whfeb Is 
(See Tuble 1.) 

The Load on the Third-Story Column Is # 1 from. thy 
of 4 200 Ih plas tho load of one hay of the fourth oor, whi 
which must be added the weight of the column. 
lin ft. As it isabout rx ft longin the clear, the) 
which, added to 130800 Ib, equals 134 100 Ib. IY cares 
8 16 by: 16-in column {6 296 0, ing whitch, at 909 





Columns and Piers “7T 


(lng capacity, While thisis 6 too lb less than the load to be carried, 
(44% of tho required strength. It is customary to make a reduc~ 
pad. to be carried on the cohimns in proportion to the amount of 
{rled, the reduction being greater as.the foor-arca increases. Usur 
duction of the tive LOAD per floor, with a maximum not exceeding 
bottom columns for high buildings, is considered good practice. 


Table I. Strength of Reinforced-Concrete Columns 


(Wh vertical bass. Safe working stress on concrete goo Tb per sq in, the 
[ tods being neglected in figuring Uhe coturnna 
| Total safe 
| = |_Soads io tb 
1 
1 
| 
| 
| 











wale 
| Ae! | Ae matt 









on the Second-Story Column is 154 too tb plus the load from 
(rand tho weight of the columns, all of which ts assumed as being 
fourthefloor load and weight of column, of 9¢ x69 Ib, making the 
1%, A 23 by 2t-in column will carry q4r times 500 Ib per sq in, 


t 

| om the First-Story Column is 224 200 lb plus the second-floor 

to and tho weight of the column, which, at Goo lb per lin ft, is 

( total of 317 600 Th. A 25 by 25-[n column will carry 625 times 

ay ‘of 3x2 s00 Ib, which is almost the required strength. The 
ile then becomes 





For the first story 25 x 25 in in cross-section. 
For the second story 21 x at in in cross-section, 
For the third story 16 x 16 in in cross-section. 
For the fourth story 10 x 10 in in, cross-section, 


forcement in the Columns should consist of eight %-in round 
(ro lower and four in the two upper storits, with ties of 14-In round 
in, ds shown in Fig. @. Tt is the custom to use the same unit 
loeced-concrete columns up to 15 diameters, and not to ase columne 
exconds 15 diameters, 

Piers. The schedule of all the wall piers ts made by the 
for the interior columns. The Uoctails of the calculations are not 
re, results only being given. ‘The size of the wall piers is deter- 
he architectural effect desired and by» practical considerations, 
fin as the smallest face-dimension of the piers, this site should 
[the full height of the building (Fig. 10), Tho reveal of the plers 
tels is 6 in, and the spandrels should line up Hush with the inside 
WO by 80 doing they are out rade extremely thick, Reinforced. 








must be 12 in in order to be flush 
Spread Foundations. The wt 
1 building results in economical co 
base or footing more than Is custo 
‘some kind. In order to give suffie 
tions for the building under discus 
‘of construction met with in pract 
following pages. The simplest fo 
shown in Fig. 5 and consists in 
footings as CANTILKVER nEAMS. * 
signed as explained in the followin 
The Load on the Pooting. 
317 000 Ib and the safe bearing vali 
a spread footing of 3x7 000 Ib div 
square which comes the nearest to 
‘The Design of the Footing. 
square foot of footing: sustains ah ) 
Portion is treated as sane, 
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oper causes no bending, and this load is neglected in finding 
it. The rods should be run as shown In Fig. 6, some diago- 
light-angles to the aides, the first layer located 5 in from the 
hig. ‘The sizo of the rods on the diagonal is now to be des 
thers are to be made the same size. ‘The longest length of 
‘al cantilever is 4 {t, measured from the center of the column 
(Pthe rft-wide strip with the side of the square, ‘The bend- 
strip is equal to the load on an area, outside of the columa, 
fide, oF (s X 7 000 21 090 Ib) X 30 In = 630 o¢e in-Ib, yo in 
from the axis of the column to the center of gravity of the 


Hing to be 24 fn thick over-all, the CENTER OF ACTION of the 
in up from the bottom, making an Errecttyx Erni of 19 in, 
the steel is nine-tenths of the depth when the stress in the 
‘et sq in, the resisting moment of the steel per square inch 
(G.o00 Ib is 16000 X09 = 14.400 Ib. As the bending 
inelb, the number of square inches of steel necessary per foot 
& 


Par) 
lament is given. (See Formula (x), page 992.) Spacing the 
‘requires three rods per foot, each requiring « <ross-section 
Asa Hi-in square bar has a section-area of 0.76 sa in, this 
‘he bars in the layers at right-angles to the side are made the 
as above, so as to avoid complications In the construction 
would be possible to space these farther apart, but this re- 
lary. (See Fig. 5.) 

4 column is such as to require a footing more than 2 ft thick, 
lope the top of the footing, thus saving in the quantity of 
provide a concrete FLINTIE of munex at the bottom of the 
te footing 9 as to reduce the projection of the footing and 
lore economical design. If steel column-cores or hooped 
‘al reinforcements are used, a metal baseplate is necessary 
of sufficient size to Mimit the direct stress on the footing to 





2.4 sq in. ‘This formula is for rectangular beams 








ta for the Outside Walla may be designed in either of 
bosmaxvoLs rooTrNes such as are usual in ordinary constrarc- 
As SOLATED Hews under the wall columns, In the first case 
Haforee the footings and foundation-walls, as these act as 
Toaded at cach column, and must be made strong enough to 
‘from the columns uniformly over the entire length of the 
(dation-walls and footings can be trested a8 INVERTED CON- 
& 11), the upward reaction of the earth being considered a 
bd load on the beams, and the wall piers being considered as 
the beams, with the load on each pler as equal to the load on 
fe 12 shows tho arrangement of the reinforcing-rods. ‘Their 
explained in the following paragraph. 

F runing foot of the foundation is equal to the load from a 
listannce apart of the piers, omitting tho weikht of the spandrel 
y windows, this load per running foot « 191 rgo Tb, the load 
Foma1 946 Tb. As great refinements in calculations are not 
work of this kind, because of the advisability of lange factors 
tof the building and the small reduction in cost due to any 
[strongth of this continuous beam is calculated by the formula 
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fe of the footings. In order to secure uniform soll-pressure ft lx 
‘te combine an interior with an exterior column-footing % #8 to 
jad uniformly from the two columns to the soil below. Somes 
lary to combine the footings of more than two columns. Fle 18 
fof an actual construction and may be regarded aa typical. The 
culumne in this case are almost identical, one being 700 600 Ih 

















Fig. 13. Combined Column-footing 


200 Th, so that the shape of the combined footing in plan can 
as the center of gravity of the two loads is practically at the 
». When one column is more heavily loaded than the other, 
wvity of the loads fs no longer at the middle of the span, but 
; hence it is necessary to make the combined footing TRAPE- 
that the center of gravity of the trapezoid will coincide with 
of the resultant of the loads from the columns, 
calculations for the design of this footing are the actual ones 
48a good example of the necessity of assumirig certain sizes at 
final calculations may change, ‘The WipT#t oF THE rOUNDA- 
hy the xoap-taurr on the soil, which in this case is not to 
3 ft, and the size of the column-base being known, we may 
mine the nnworsa wowrNt in the footing. We assume am area 
‘1 ft, giving a soil-pressure of 1 490 000 Tb + 224 a4 ft = 6 690 
B50 X 7 = 46 s50 Ib per running foot. “The polnt of maxiniurn 
Is where the vertical shoar is vero and is determined by the 
(yb sgo— 15 ft. Alva, ts ft— ros ft iss ft. Hence 


690 X £5.95) = 9 265 090 ft Ib] = [(46 ss0.X 45 X 2a) 
1875 ft Wo) (4,528 1.25 x 12) = 54 397 soo inl 





Fig. 14. Section through J 


stress on the concrete in compression 
As the total horizontal compression i 
order to satisly the requirements for 
Ib per.sq in X 46.5 sq in 748800 Ib, 
the depth of AREA OF THE CONC) 
= 248 in. The width is found by 
the resistance of the concrete per inch 
the width of the concrete at the botb 
unit stress on the area of the concre! 





corner formed by the tread and nis¢, as shown by the letter 1 





oi bet 
‘times 300 
charsdotlyend 


Pig. 15, Detail of Reloforced concrete Steps 


ere Tha makes w'total load on the inclined beams 
see cca stead bees See horizontal 
‘hence in our example the span is $ ft gin. The 


ee therefore, x 22S 55 soo int, figuring 


‘Assuring the titdknés ofthe tobe st, the 
(Sohne ncand tha ane af tl ns tomcat for this depth and 


lemme ns above in — 75597 5.5 sim, appronimately, If %-in 
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Span of foot 


6. Diagram for Str 


ms are removed. 

has set sufficiently t 
oF tread can be incorporated. into 
the concrete has set hurd is very lik 
good form of step is shows in the 
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Span in feet 
Fig. 18, Diagrams for Se 
mixture and the aggregate a good 


Gities usually specify the allowable ui 
concrete structures, and when they 
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Fig. 20. Di 
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From this must 


be deducted 
five load. If finished with 1-in cement top 
the total dead weight Sebi 


cexcveding 699 Ib per sq in and a tension. 
a ratio of the moduli of elasticity of the ¢x 


Formula for the Resisting Moment of | 


is Formas (), sane a6; Copies a 
the percentage of 


used when 
AC the maximum bending Sreced 
+t Spe ene eee 
A = the area of the sum of the cro 
M= AX 16 000 X 09 


d= 








ueti ae 


= 14310 
Goreetepesy~ 
‘bottom of 

cave 
flange 14 
‘the: 
Sepia 
XXIV), and 
beam to 
‘extend 
it with 
ae 
in the 
is 
Jength of 
the 
ve 

‘allowing 

by 


83.4% 182.2 
ft 


r a1 728 _ 987 728, 
83.4% (13}4)* 
ince.or width. edee te edee. between canital-headein inches. 
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ke Je ees 
wiabaa 6a hia Hae Hr i 
tht bands = =O ys 44 7961 —< 
Lee ERO end 


unset nex an ttt 


cae tern Nee ot A 
Ce ee alee! The 





ands will have 459% of 5 o 3.15 sq In, ¥ 
rods over the column, or ten on ¢ach side 
the slab at the middle of the span is foun 
tuting the proper values for the letters. 


s- Veneeay 


0.27 X 138 X 600 
‘The total depth is 5.6+ 1 in= 6.6 in, of 
‘The width of the band = 10 f+ WX 6 
For the steel at the center of the span 


a 
et pe Inwhlh 


357 885 
*"Gax won mm 


‘The straight bands will have 66% of 3, 
vie = = twenty-one Sin round bars 


span than for the band set over the colum 

Tn practice the rods are made the full 
‘column, plus the width of the drop, or in th 
for the fifteen rods. Six additional rods, 
the edge of one drop to the edge of the nex 
make the twenty-one required for the mid 
will have in the center 43% of 3.5 sq in= 
round rods or four more than one set of rox 
ever, are to be added at the middle of th 
‘are bent up over the column-head ao as to! 
‘of the negative bending moment, the ban 
of the slab the full width of thedrop. Iti 
‘extending down into tse cabana and cuts 





Wide experience in the design of reitarced concrete, as good yudgment 
‘the making up of a successful design; ind oat who it inaperenced 
Paes sowsate this parca guiem of construction, if a design 
i 
" 
I 
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1. Simplest Three-piece Truss, 
- ‘to Twenty-four Feet ae 


aitee 
es § 


bet pl 


Fig. 2. King-rod Truss. Spans up to Thirty-six Feet 
ise. of the rafter in any of the 
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‘dete. When the joint: ibe comers of the rectangle are not 
tur they have a tendency to prevent distortion. When the 








Queen-rod Truss. Spas from Thirty to Forty-five Poet 


¥ upon the left of the center the truss itself tends to assume a 
hat shown in Fig. 8. The nasromttox of the rectangle may be 
Hintroduction of a diagonal member as shown in Fig. For 





“Rotten Caw we Te Baza 
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‘Queeo-rod Truss. Spans trom Forty to Fifty-two Feet 


na, the diixoaal is in compression nnd is asually called a 
If the piece were ia tension it woul be called a cousreRrm. 

Lords. Although roof-trusses of the type shown i Fig. 9, 
trical loads, do not theoretically require COUNTERS, it is never 





Fig. 8, Distorted Queen-rod Truss 


[to brace the rectxngle stone both dixgonals to insure stability 
tenaymimetrical loading and to relieve the joints from any 
flatter, which Is usually couse) by wind, snow and Boarlosds, 
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(Mr. William (. Preston, is shown ia Fig. 10, The truss-members, 
Jong-leaf yellow pine, were worked from timbers of the dimensions 

his truss wooden members instead of rods aro used for the vertical 
‘bolted and tenoned to the tie-beam and secured to the rafters by 
‘The curved ribs take the place of counterbraces. 


pass 
EEEX 


' } 
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CEL Queen-red Truss. Museum of Fine Aris, St. Lavi 
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Rod Truss from the Museum of Fine Arts, St. Louls, Mo., 
Peabedy & Stearns, is shown in Fig, 11. It supports the floor 
tnsof three rods. ‘The truss-rods have nuts and washers below the 
1 the threads on the rods are Jong enough to receive tumbuckles 
Ht the suspension-rods with the truss, "This i generally the best 
ispending a floor from a truss. 
fwe @ detail of joint A of the 
a1. 
‘Omitted for Special Reasons. 
‘a truss, sometimes used when it 
keep the middie part of an attic 
bstructions, In building this 
Wisable to construct the lowor 
ters of two timbers, thoroughly 
fr, as shown. What has been 
Lt counterbraces in queen-rod 
fealko to this truss, although in 
te continuous rafter aids very 
resisting distortion from, wind- 
that for ordinary construction 
Bot exceeding 4o ft it is safe to Fig, 114. Detail of Joim A, Fig. 11. 
braces. 
E Supporting Common Rafters. Before describing other types 
may be well to consider the manner of supporting the common 
| russes. Occasionally it is desirable to span the common rafters 
truss, but as « general rule it is better construction to support 
fos of lange beams or vuxunss which themselves span from truss 
own in Fig. 13. 
The trusses can be designed so that the purlins ned not be more 
fart, and very often not more than 6 of 8 ft apart; so that the 
psmeed tot be more than = by.4 or 2 by 6 in in.ceoss-section, while 
by be spaced r2, 14, or 26 ft on centers, As # rule 2 spacing of 
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the types shown in Figs. 14 to 17 are undoubtedly the most satis 
wouden construction, when the span does not cxoved So tty and 
ABties where the cost of iron rods is relatively great, it is as econom= 

In this work the name Howx tuuss is given to this type, as it is 
bn of the Howe bridze-truss to building-consteuction; and the 
WWrAE TRESS fs also sometimes used. ‘Trusses of this type can be 











Fig. 1. Five-panel Howe Truss 


arline Counter Draows 
h \ 








Fig. 15, Six-panel Howe Truss 


Brera, _C 














Pig. 17. Six-ganel Howe Truss with Top Chord Enclined 


‘enough for spans up to 150 ft; but when the span exceeds x00 ft 
¥ cheaper to use a steel truss of the Paarr tyre in which the vert!- 
latnpeession and the diagonals in tension, When a Howe truss is 
¢ Hongitudinal direction of a flat roof, the top chord may be given 
iscof the roof itself, so as to support the raftces without the blocking 
Fig. 17. For deck roofs the top chord may be inclined upwards 
pater or deck-ridge, to conform to the shape of the roof, a8 shown in. 
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Dimensions for Six-Panel Howe Trusses, Symmetrically Loaded 
ber, Norway pine, Douglas fir, or eastern spruce. (See Pig. 18) 
Rode 
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pee have been constructed with truses of this type, some of which 
© now (19ts) in New England. The principal objections to the 
tendency to twist sidewise, like « thin board on edge, its flexibility 
plane and the diffoulty of getting sufficient bearing material at 

As indicated in Fig. 19, the teuss is composed of top and bottom 
My parallel, connected by lattice bracing. The chords are com 
planks, two being on one side and two on the opposite side of the 
te bottom chord the planks should be as long a8 can be obtained 
so that no two splices are near the same point. The available 
$ttom chord to resist tension is the arca of three planks less the area 
Joints by the connecting pins or bolts. Each member of the web 
flogle plank arranged as shown in Fig. 19. ‘The braces are inclined 
af about 45° and usually three sets are sufficient, as shown in the 
connections are best made with American-locust pins, which give 
‘areas without much extra weight. Modern construction employs 
are expensive and add considerable weight, ‘There should be at 





Fig. 21, Lower Joint 5 of Truss Shown in 
Pig. 19 





1 the planks are wide enough to permit 
f, Wt the chordjoints, Since about one-half the web planks resist 
es, the web pirojects beyond the chord at least 4 in to provide 
(tudinal shearing area, The ends are reinforced by vertical tim- 
teween the chords and cach set of diagonals is thoroughly fastened 
bers. Tn some cases it is necessary to add timbers on the outside 
étend them down to the lower face af the bottom chords to relieve 
bive bearing-stresses where they rest on the supports The metheds 
lig the stremcs in this truss are considered in Chapter XXVII, 
pyogm Figs. 20 and 21 show details of this lattice truss, 
Trusses with Raised Bottom Chords. All of the trusses thus 
have horinontal bottom chords; and this constroction is the most 
Well as the most ecooamical and should be wed whenever contlt- 
pecessitate a greater beight of ceiling In roofing churches, publ 
teed callings are often desitable as they increase the general height 
thowt increasing the height of its side walls 
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Note. li joints should be thot 
tary. When tree are wed each 
bolt as shown in F' 












sors, is most often used. When correctly designed, with members 
size, and with joints carefully proportioned to the stresses, it 4 
truss for supporting roofs over halls and churches, ap toa spam 
for greater spans it should be used with caution, as the stresses 
great and the joints difficult to make. Figs, 22)to 27 shows 

this truss and modifications of it adapted to different spams 

None of these trusses exerts a large horizontal thrust if the m 
ample size and the joints properly tnae. ‘The meester fh 










wot 





Fig. 23. Sciwors Truss Spans Exceeding Thirty Feet 
Ps 





for Truss. For Steep Roofs, (See Chapter XXVIII, Figs. 18 and 19) 











Scimon Exceeding Thirty-six Peet. 
we Caper |, Figs, 18, 19 and 20) baat 


b, more economical, It can also be wed where the root is 
0 it is better to use ceiling-purlins to support the ceiling- 


‘Span the Intter from truss to truss. 
team Trusses. Tw of the principal characteristics of the Gothic 
tecture are the elaborate ornamentation of structural 
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First Church, Boston, Mass, An excellent Me 
4 truss adapted to modern conditions is shown in fe asia, 
eball of ono of the trusses designed by Ware & Van Brunt, for 





PRINCeraA REFTER 





CHANCEL ROOF 
BEDDINGTON CHURCH 
SURREY 


ecared non = 1 FOOT 


Fig. 29, Hammer-beam ‘Truss, Early Rnglish Form 


burch, Boston, Masa. ‘The truss is finished in black walnut and bas 
Mf boeing very strong and heavy. Fig. 31 shows the framing of 
[without the casing and ratsrwoxx. It should be noticed that 


jusped columit in the upper part of the truss, Fig. 30, there js an iron 


i 











Ne 
Fig. 30. Hammer-bests Truss, First Church, ‘Benton, Mask 
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which resists the tensile stress, In this form of truss the line of 
st of the arch enters the wall just above the comme, A; and, as 
6 inclined onty about 30° from the vertical, its tendeacy to overs 
Ml is not vory great, and may be reslstod, in this particular ease, 





‘Spar 6} foot 
DISTANCE BETWEEN TRUSSES: 
ABOUT 15 feet 


Fig. 31. Framing of Truss Shown in Fig. 30 


ia or 2 ft thick, thoroughly reinforced by a nurrerss of peoper 

iilt.em the outside. In trusses of this kind, the various members 
surely fastened together wherever they cross or touch each other, 
tute asa whole made as rigid as possible, No dependence should 
im the casings and pancl-work for any extra strength, 
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‘The action of the stresses in hammer-beam trusses is 
XXVIT, pages 1087 to 1089. 

with Iron Ties. Where there is no ceiling beneath the 
rable to make the trusses as Iight in appearance As possible, 












Fig. 380, Detail of Joint at Ridge, 
Fig. a2 


‘steel rods may be used for the ties, and the wooden rafter- 
retained, For moderate spans such trusses are cheaper than 
dl where the rafters and purtins are of wood thiey are about as 
tnd 34 show forms of trusses well adapted to many tools. ‘The 
in Fig.34 are for yellow-pine or Douglas-fir timber and wrought- 





Pig. 34. Wooden Truss with [ros Tier 


fe ample for a slite roof, the trusses being spaced from 12 to 
| ‘Trusses of the form shown in Fig. 33 are sometimes made 
dd DP eowthiaoue TBey xhouk! not be made in this way, 
Se eantine ref Us peaportioned for the stress ia C, as this stress 
(a 2 The best construction for the jolat B ig iMustrated 


Fig. 35. Hammer-beam Truss for Grate Chapel, 
New Y 


fork City: 


beam tras is to be supported on a h 
nor ran from Greer: a truss of the form shows tn 
used to advantage, It has the appearance of a barmer-beam 
placed over a high nave the effect of the rods Is not objection 
tie-rods 
through 
beams to their outer 
ends, 
Truss for Grace 
Chapel, New York 
City. The cunyrn mms 
9, a, Fig. 35, have a ten« 
dency to bend at their 
smallest section and 
weaces.under the hame 
mer-beams are necessary 
to prevent vertical deflec= 
tion in the latter, A 
teuss similar to this wasp. 
used in Grace Chapel, 7190, Tram fe Aebropetise emetet a 
New York City. 
Truss for Metropolitan Concert-Hall, New York City, Fi 
a form of truss used to support the roof of the Met 
York City, George B. Post, architect, The span fs 
tlons are about as shown, ‘The arch between, rafters 
Mented with sawed work yok Vow, trae bon eng, Ue 
Tho tictod i Ke ron woubng Wri a wen 


porch, 








Fig. 37, Segmental Timber Arch 


(aren aims supporting all the load and the T1e-nons the 
Festi etaiterwaicircosl woah witetiem 

|M.C, M. A. Building, Boston, Mass. This trass ix shown in 
ieecetseencitove Dia tes amay to veer tha por 
ease 2 oe Tt does not assist the 
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rien ee 8 beeraNT 
Fig 40, Detail of Iron Skewback and Post of Truss Shown ie F 
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ying a roof-area, equal to about 2930 sqft, and @ great amount 
Work. The method employed to resist the thrust of these large 
the use of rods showing in, the room is very ingenious. Opposite 
hol the iron posts which receive the arched ribs ane oak struts 





thed Wooden Truss. City Armory, Cleveland, Ohio, Span 79 feet 


(y. irom tic-bars and heavy fron beams and together forming a 
ateach end. These two trusses aro prevented from being pushed 
1-fn fron tie-hars in each side wall, as shown in the plan (Fig. 39). 
6f the two iron pasts are thed together by fron rods running under 





12, Arched Wooden Truss, Singer Hall, Philadelphia, Pa. 


bole length of the room. Altogether this gives for the the-rods 
3 by tin iron bars and one 14)-in-diam fron rod, equivalent 
“in tietars. Enlarged sections of the ribs, uprights and braces 
{g. 38 It should be noticed that the uprights have iron rods 
‘nes, holding the two ribs together, Fig. 40 shows a detail, or 











from the ground and put in place. Occasionally a struce 
tude that this is not feasible, in which case the trusses 
in parts and riveted afterwards, For a narrow shed or shop 





45, Simple Fink Tru Spans from Twenty to Thiy ala Pet 


| 44 is the most economical, the truss proper 
ftion enclosed within the points A, B,C. ‘This truss is practically 
hat shown fn Fig. 46. For spans of from 24 to 48 ft, and incina~ 
lesfing 6 in to the foot, the types shown in Figs. 46 and 47 are the 
Trasss of the types represented by these two figures are called 


AP 








Fig. 47. Fan Truss with Knee-braces. Spans re 


TRIANGULAR PRATT £086 as the web is composed of vertical it 
and diagonals i tension. ‘Ths trans it Se 





Fig. 4S Flak Truss. Spans froma Forty to Eighty Feet 


stecl Leusses It is desirable to have ax many members, and expe 
Jong members, in tension as possible, asm givem weight of steel | 
greater stress when in tension than when In compression, The q 
of FINK TRUSSES and FAN TROSSES lies in the fact that most of 












Pig. 49. French Truss. Seans fromm Forty to Etta Baa 


are in tension and the struts are shart, By comparing View 
deen that the lower strut. im Vig. SAV onlay beget 
BL. If the woh 6 Wipe ie Seine Me eae 

Trusses to tecelve tne Boar Wain Gt SeIRAA 
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Fig. 50. Fink huss with Vertical Struts 


aa 


a 
‘the most economical pitch for a roof is about 
Js commonly, called a, quaatis-restan, the siogel the 
for cach 12 in of run, or 26°54" When the rise fs less 
‘pan some other type of truss is generally required. 
‘roof fs determined almost entirely by the question: 
generally made from 6 to 7 in in 12 in. With Fre 
TRUSSES Of FAN TROSKICS 


i 
i 


if 
es 
& 


i 
HI 
% 


tas ane ‘or s ft, as th 

BL. Triangular Prats True 0 206s 

Fig. 49, presents a better 

however, than one with « horizontal chord. Raising the bottom 
in i and hence 

cost. For steep roofs, however, it Is generally as economical to 

tom chord, because of the shortening of the members, 


if Panels, The xvweuk or raweas that should be used in exch 
ss Is determined in great measure by the construction of the roof, 








2 191k. 





U-hall. The truss shown in Fig. 54 was designed for the roof 
tga span of do ft and a spacing between trusses of 20 ft. The 
structed with 2 by &in rafters supported by purlins at the 








tr Carbarn, Newark, N. J. Span Ninety-elght Feet, Three Inches 
(See, also, Chapter XXVILL Fig. 25) 


| Band P. “Sashes were to be placed in the rise CD, to light 
(Building. ‘The joint at 1 was located with reference to the 
lery-rod; but if there had been no gallery it would haye been 
to space the vertical struts uniformly, as in Fig. 50. In all 
(ted the Pius stew adjacent fo 1 member denotes that the 
peecunay, mibile the aniwe's ssw denotes that it is in TENSION, 
bee sla rafter, 2 C2, DE and AF, ini Fig. $4, and a andb 
Bea part of the truss pooper, but are merely a ie 


= 
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Ag especially. suitable for roals supported by steel columns. Fig. 58 
torn a truss in actual use, The member in the middlo indicated by the 
t should never be omitted, although examples may be found where it 
een included, Fig, 59, also, represents a rool-truss which was con- 
tith a span of 57 {t and supported by steel columns. The entire load 
(ss is transmitted to the columns at the intersection of the diagonals 





Fig. 68. Double Warren Truss 


he top chord, Fig. 60 shows a truss of 96-ft span over a pier-shed, 
i City, the trusses being spaced 20 ft apart. They are about 10 ft 
Weigh 1 yoo Ib each. They were delivered from the shops completely 
‘xnd riveted, and were raised and set in position by falls suspended 
masts, The dimensions of these trusses are given in the Engineering 


Famuary 18, 2896. 





Fig. 09. Pratt-truss Type. Span Fifty-seven Feet 


Gs and Minus Signs in these ilustrations, as has been mentioned 
licate Comrxesston and TENsi0n, respectively, under a uniformly dis- 
(ead load. The prvs and snwus stows used together indicate that 
‘ex may. be subject to EITHER TENSION OR COMPRESSION according 
tetion of the wind or to the manner of distribution of the snow. In 
(hese trusses unsymmetrical loads may change the stresses in tho 




















Warren-truss Type. Pler-shed, New York City. Span Ninety-six Feet 


hear the middle of the truss, This cmanoryo or staxsses due to 
‘ading ts considered on pages 1096 to 2104. ‘Tho trusses shown in 
00 are almost invariably built with riveted connections and with 
sannel-ahapes for all members. 

t Trass, shown in Fire 01 and 82, is the form of Stee. TRuss 
Va mipport foorloads the members indicated by double lines 
(mamma and those indicated by single lines lin : 














1034 oof 
chord may be made in the shape of 
more of an arch-effect. ‘There are nt 


i 






Fig. 67, Riveted Truss with Brokes Top Chord, Power-bouse, 
‘Transit Company, New York City 














Fig. 08. Pincannected Truss Over Dril-ball, Hat Regiment Armory, New 


Tanguilar (ruses having spam ch true wooo tei 3 ; 


Customary to Wroil Yue Cruse walk, x : 
the ties. When Vin ts deo ih teal) wearers 






z Arched Trusses. 1035 


(om each side of the truss as shown by the dotted Ines, Fig. 63, 
‘or wind-load the stresses in the diagonals are gener. 


| Ta this case the diagonals are generally made of angles capable 
both tension and compression, the counterbraces, therefore, not 
L._ For this type of truss the stresses due to wind and snow should 
independently of the dead Ikad and the members computed for 
(stresses produced by every possible combination of loading. 





‘Drill-Hall, New York City. A pin-connected truss, over the 
be ist Regiment Armory, New York City, has a span of 190 ft 
descriptions of it are given in the Enginceting News of June 16, 
he Engineering Record of July 2, 1904 (Fig. 65). 


4. Arched Trusses 


te, trustes fa the form of arches or arches composed of 
ten employed. The essential difference between an ARCRED TRURS 
ranca is that under vertical loads the supporting forces of an arched 





iron trusses ise 
bow, from Fig. 69, Bowstring Tros 


Trawes of this type were built with spans of from S$ to 212 
tise at the middle of from 16 to 14 the span. At that time this 

type was considered the most 
economical for spans excent- 
ing 120 ft, but in recent 
yeats they have been com 
paratively little wsed. Fig! 
69 Is the diazram of = bow= 
Mring truss with a span of 
ass ft Gin. The tresses i 
this particular case are 
5 spaced 24 ft 6 in apart. 
0p chord consists of a wrought-iron deck-beam 9 im deep, with 
x plate, riveted to ite upper faage. Towards the singing 
Fanetbene with 7 yy 1-0 plates Symp omens of the 

arate are wrenecht- 7’ p. 

eee cr ae ag. da ae eee 
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tans and are spaced from. 10 ft 5 into 19 ft 6 in apast, Ab 
fesare made with pins. 

(® with Horizontal Ties. Curve or Axcien TRUSKES are 
‘ith a horizontal member connecting the ends at the supports. 
ruoture asa whole, including the horigontal member, usually 
| @ starts raves requiring only vertical supporting forces 
provided one end is free to mave, as it is when placed on 
(trusses are supparted by long columus it may be assumed 
‘e freedom. A few examples are given, some of which ara 
8 TRUK ARCHES. 

‘© Sullivan Square Station, Elevated Railway, Boston, 
fag Record, June 45, 190%. Pig. 71. These ancites spring 





‘russ for Sullivan Square Station, Elevated Railway, Boston, Mass. 


and are provided with tensian-teds which take up the thrust, 
Ss on two 4¥-in pins at each end, as indicated in the diagram, 
fconnected to therm, The bracing below each pin is riveted 
the arch itself is built of angles and plates with riveted con- 
A shows the joint at A where the tic-rods are connected and 
fesempestox-top from the crown of the arch, This canstruc: 
peinciple as that of the WOODEN axcx shown by Fig, 42. 

Express Company’s Receiving Station, New York City. 
tu, October 22, 1904. The roof-trusses In this building are 
beick walls at the Jevel of the second-story floor aad have 
wh by Z bewnee which form a part of the Boorframing of the 
re fsa seas of 74 St4 fn and a clear rise of 27 ft. They 
1 fe apace ant have all connections tiveted, Since the 








8-tquare bare: = 


—— on 


Fig, 72, Half Truss. ‘Three-hinged Arch. Manulactures and Liberal At 
Chicago Exposition 


Trusses for Railway Station, Frankfort-on-the-Main, Germ 
first suggestion for WiNGING THKE RIS AT THE CROW: Was made By! 
a French engineer, ‘The writer believes that the first e 
fo roof-trusees, at least on a large scale, was made in the tran shed 
Railyay Station completed in the year 1888at Frankfort-on-the) 


“These (russes Thave & span oh shat sy Gt it 
12, 1891, and Maren 5. xt. 
Wah, Pade Rayon. “ee 


2OAhOeKS 
ee toe ee Pate Eventos A AeA wh 
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span being 368 ft and oxceeding anything hitherto attempted in 
Sinoe then trusses of this kidd have been frequently used foe 
shibition-halls, ttain-sheds, armories, and similar buildings. 

¢ Manufactures and Liberal Arts Building, Chicago Exposi- 
{ shows the hall-truss of one of the THREE-KINGRD ARCITES sup- 

of of the Manufactures and Liberal Arts Building of the Chicago 
Engineering News, September 1, 1892. 

 Drill-Hall, Brooklyn, N.Y. Fig. 73, in a similar manner, 
fetruss of one of the Tumtkatcen avcmes over the drill-hall of 





; ere 
Samay MC 0.10.0. ot Fiss 
{Half Truss, Three-binged Arch, Drill-hall, Brooklyn, N. ¥, 


iment Armory, Brooklyn, N.Y. Engineering Record, December 
Jeseription of the arch shown in Fig. 74 is given in the Engineering 
tember 19 and December 24, 1892. The horizontal thrust due to 
ts small. 
@ Arches. When there are only two pins, usually at the sup- 
wes become two-miNcen aKcmes. As in the case of three-hinged 
may be a tle of the supports may be entirely depended upon to 
izontal thrust. 
ft Live-Stock Pavilion, Chicago, Il. In the Engineering Nows 
306, there is a description of the Two-tINceD ARcaEs supporting 
inbrallding. ‘The arch span is 198 ft, the rise s¢ ft and the truss 
Each truss has a tie consisting of one 2%o-in round 
(f Railway Station, Cologne, Germany. This station, owned 
to Radleare has Twouweee axcites supporting the roof of the 
arbaoa & 209 ft 6 ia and the rie 79 tt. There #8 a briet 
‘he Bapiscerite News, Oxtober'¢, 1892. A'number of rook 














Cantilever Trusses 1043 
‘structures similar to that shown in Fig. 75. While such a frame 
(WOMIENGED Ancu, owing to the lack of freedom at the supports, 
«for all practical purposes, be so considered, 


of Buildings with Trusses of the Two-Hinged-Arch Type 





Spon Spacing 
t & 
& oy 
a 3s 
6 4 
100 a 
toa 5 
m8 24.5 
Be 23125 
tay P 
+76, a5 
196 as 








& are described in Building Construction and Superintendence, Part 
Jer and are similar to the type shown in Fig. 75. 


+ oF arches without hinges, nre seldom employed in buildings, 
Camples cited above the structures have the appearance of being 
{but a closer inspection indicates that they are not sufficiently 
fait their being classed as rixKn ARCHES, 


5, Cantilever Trusses 


ciples. A CANTILEVER nea or CANTILEVER TRUK? fs that 
te beam Or truss which extends beyond one of the supports, as 
79 and A in Fig. 80. The overhanging portion B is called the 
and the portion C the anctton-spax. The cantilever-arm may 
Tanother beam or truss. ‘The term CANTILEVER was originally 
‘a projecting beam which served as a bracket; in engineering 
a beam or girder fixed at one end, by being either built into 
nore commonly the case, extended a sufficient distance beyond 
man anchorage, Thus in Fig. 76, which shows a beam resting 
B is the cantilever or cantilever-arm and C the anchor-span or 
obvious that if this entire beam were uniformly loaded the 
| carry the greater part of the total load; and also, that an 
¥, at the end of the cantilever, might cause & negative reaction 
{the support D, in which case the reaction at P would exceed 
‘beam, unless the negative reaction at D is considered as an 
Although both conditions of loading occur in practice, the 

| the truss usually requires an anchorage rather than a support 
. As applied to roof-construction some such arrangement as 
77 is generally required to make this method of support prac: 
1 wide middle span, with shorter spans or aisles on each side of 
ver-arm fs usually made from %4 to ¥% the middle span and a 
‘x0ss, represented by S, supported by the arms of the cantl- 
unport the rest of the root Ia all such cases, therefore, cane 
(Cte nerd! ir pairs one on each side of the building: and there 
eutehte of the principal span to permit the use of the 











rae oe 






| S2 Cantilever Truss, Grand-stand, Monmouth Park, N. J. 


the details of which were published in Architecture and Building, 
8g0. This is an instanco in which the cantilever was the only 


be seen from the drawing, the main supporting column extends to 
‘truss, as is usually the case with cantilever trusses, and the truss 
oh aldo of it, Tho upper and lower chords are e made of two angles 


setae 





Roofing Materials for Pitched Roofs. ‘The mater 
itched roofs are slate, burnt-clay tiles, metal tiles or : 
corrugated iron, tin with standing scams, 5 i 


Slates, black 
Slates, green. 


Ready roofing 


Roofing Materials for Fiat Roofs. Flat roofi or rools ha 
from ¥% to % in to the foot are usually covered with tar and s 
ready roofing, or tin with lock-and-solder joints. A good tim | 
$8.00 w square, not including the painting. ‘The other | 
to $4.50 4 square, i> 

Manner of Supporting the Roof from the Trusses. 
ported by wooden trusses, require common or jackeorntters | 
ing o slate, and generally purlins to support the It 


To's in apart, aa way We eRcERANY Wo Aes 
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ft-on centers. 


oh 


# tabases over So-ft span, from 16 to 
‘under So-ft span, from 16 to 20 


mUSsES: 


it Hata 





represents trust 1, of Fig. 2, the roof-ares. 
S414 2. For truse 2, the area 


2 Be grr 
Jet D represent the fength in feet of 
oat, the sea i aqua fect upported By jak 









oostng. 
tee centers 
Fig. 1. King-eod Trees 4 


ported hy joint 5 is 24% D. In the sane way, the ceiling-ares 4 
Joint 6 ise x D, the arrow-heads being half-way between the jolt 
‘ho material difference in the joint-lowls rhether the commis walt 
ported on purlins or whether they rest an the top chard of the tr) 


















Fig. 2 Plan of Wall and Trusses 


Chapter IX. Examples showing the computation of 
little farther on, 

Rool-Load per Square Bow. Wy the vars aon aunnan a een 
the materials counosing Uwe took, Wann snl pation, ak aa 


= 


bfi-Loads. Data, Weights, Materials, Methods 1049 


wn allowance for wind-pressure, The weight of the praterials 
AD LOND, Snow is generafly considered a ive Loa, acting 
€ pressure luc to the wind is always assumed to act normal to, 
es to, the surface of the roof; but for trusses of less than tooft 














‘Troms, (See, also, Figs, 12, $3 and $4 and Chapter XXVIM, Fig. 1) 


ly combined with the rAD LOAD, WiND-TOAD and sNOW-EOAD and 
vertical 

pmputing Dead Loads. The nab Loan of any roof may be 
Nufficient accuracy {rom the following data: 











I. Weights per Square Poot of Roof-Sertace 





fa.ath 
M4 ln thiek, 9.6 Thy (the consmon thickness is %e ta for 





tye! 
ny’ shingles. 43 to +4 tt 
sive, two parts, 42 Ib new style, one part, A 1b, 
style, two arta, 19 [by new style. ane part, § tb 


mortar add 10 1b per sq ft 
shoots, 19 Ths tiles, 1% Tb 

is or shingles, including oné thickness of felt, 1 ty 

elated of galvanised, Ne. 26, 1'1b; No. 24, 121 Ib; No. 99, 1.6 tb; 
i Nos WB, 26 tb: and No. 16, 3.3 thy 





prayed rock, 5% I> 
roofing (claterite, rebberold. sabe ete.), from 0.6 10 7 th 
Me sin, 6 Ib 















‘Wenen pte wale liso o'er 6 #561 Berane ee ea ay 
reand 16 fe 

“For ste! roots th sizes and weights of the purtins and rafters should Seem) 
each particular Case. 4 














| 
Weight of Truss. To the weight of the roof-constraction 
be added an allowance for the weight of the truss. If trasies 
in exact accordance with the theoretical thelr 
directly proportional to the roof-load and span; but as there is 
material, it is impossible to determine the weight 
it is completely designed. Several tables for the 





Yor Wooden Trusses 
N.C. Ricker, foe trams 


Weon Ce tnd & Chapter XV 
W = 0.05 +0075 L 
Wears took Sieibonn ‘Merriman. 

For Steel Trusses | 


W = 06-+0.06 L, for heavy loalls | 
Wey tee £ forlghtloads, |S -Bowle foe Piatt 
{ 4.6 Kec forse | 


We Pigs (2+¥% VA) 
W=o0g L+t2/A 1G Tyeelh 

In the above formulas, 1’ = weight of truss in pounds per nad 

zontal projection of the reof supported, L= span In feet, A = 

trusses, and P= capacity of truss in pounds persquare foot of 

jection. 

‘Tables IV and ¥, compiled from a comparison of other taliles’ 
‘and from the weights of actual trusses, are sufficiently accurate tor 
of determining stressex. ‘The weights given oe stich 
the actual weights of average trusses, as it is preferable to 
on the safe side, Tt should be noted that the Lag Toe 
of roof-surface, and not for the horizontal ares. 

Weights of a number of large steel rool, 1 







‘ELoads. Data, Weights, Materials, Methods 1051 
‘eights of Wooden Trussee per Square Poot of Roof-Surface* 


MW pitch 
i) 





























hts and Spacing of Some Steel Roofs of Wide Span, Including 
&, Purlins and Braces, but not Roof-Covering or Rafters 


aallding 











* Foe scitsoes trusses, increase one-third. 


4 Chapter XXVI. 
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ce maximum stresses, or call for CouNTERMRACENG, as is the case 
ink TRUSSES, and trusses with ComvED chomDs, the stresses for all 
dings should be found separately and cach member of the truss 
ie the maxinwum stress to which it may be subject under any 
lation of loads, For determining the stresses due to wind-pres- 
bree of the wind is usually assumed t6 act in a direction normal, 
| ate at led ro ‘This force is commonly based on 
id, producing # pressure of yo lb against a vertical surface. oe 
a wind-velocity of nearly 100 miles per hour. 
ia, 


P= ono3: VE 


pressure in Ib per sq ft against a surface normal to the direction 
1 ¥ = the velocity in miles per hour. For 2 = jo lb, V= 96.3 
mal pressure per square foot of roof-surface corresponding to 
ind yo Ib per 9q ft against 4 vertical surface is given in Table IX. 


Wind-Loads in Pounds por Square Foot of Roof-Surface 


Normal pressure 2 
pounds per square foot 





Taelination of root 
Payld | Peaold 








st 
10.4 
46 
08 
a4 
m0 
35.5 
26.7 
as 
~o 








Table EX are based on Duchemin's formula, 


~ Paine 
he pressure per aquare foot on a vertical surface, Py the hormal” 
ressure and @ the angle of inclination of the rool with the hori- 
ind not only produces a pressure upon the windward side of the 
{on upon the leeward side; therefore all roof-covering should be 
tl; all joints in the trusses so constricted that they will resist 
impression, and the trusses themselves securely anchored to the 


fp Loading for which Stresses should be Found. To deter- 
inuim stresses under any posalble condition of loading, stresses 
Hfor the following cases: 

{3 due to permanent pkAD LOADS, 

bovering enly one side of roof, 

powering entire rox, 

We nthe of trie avaree the expacsion-cnd, 

whe of truss wearer the fixed end, 
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Examples of the Computation of Roof-Loads 1055, 


ts and 10 Ib for the lath and plaster; but where there is a large 
He to be used for storage it is well to make a small allowance, 
$4 ft for any extra atticload. Therefore, 18 1b per aq ft is 
€ weight of the ceiling, which takes the weight at joints 6 and 
ly 18 Ib per aq ft, o x 430 Ib; and the weight at joint 7, 114% ac 
aq ft, or 2.067 Ib. As soon as computed, the roof and ceiling. 
(marked on a truss-diagram, as in Fig. 10, The roof and ceiling- 
(are transmitted directly to the wall anit need not be taken into 
femining the stress ia the (russ. 


‘gs. Example a. It is required to compute the joint-loads for 
it Fig. 3, page 1049. All timber is to be of spruce and the roof 
‘id with shingles on x-in sheathing. ‘The ceiling is to be of lath 
he dead load is: 


1b pee sq fe 
shingles. . fe . oa 
sheathing... , ‘ 3 
rafters... 5 a3, 
purling..... ‘ 

truss, . 





dead load per sq ft. 
for wind and snow. 





feot-load in pounds per square foot, 5 2% 





of the ceiling it is well, for a truss of this kind, to allow at least 

Te will be assumed that the trusses are to be spaced uniformly 
F& Then the roof-area supported at joint 2 fs 99% by 15 ft, oF 
i the load at this joint is 6 506 Ib. The purlin at joint 5 supports 
point midway to joint 2, to the ridge, or b= 4 ft 11 in+ 8 ft sin, 
‘The rool-area supported at this joint is 154 by 15 ft, or 200 sq 
Wis 8ssolb. ‘The loads at joints 4 and 5 are equal respectively 
pda. For the ceiling-loads at joints 7 and 8 there is an area to be 
M1 to 1986 by 15 ft, of 18244 9q ft, which, multiplied by 70, gives 





fuss. Example 3. For this example the church-reof shown in 
, 4 is considered, In this roof the trusses take the place of the 
iting-beams, the sheathing spanning from truss to tras and the 
‘fling being nulled to 144 by 234-in furring strips, spaced 12 of 16 in 
(ssuming that the parts of the trasses have the dimensions indi: 
igure, and that the wood is white pine, the actual weight of one 
4 200 tb, The roofarea supported by one truss is 170 sq ft, and 
pht of the trusses is about 7 fb per sq ft of roof-surface. ‘This 
than twice that given in Table TV, owing principally to the close 
trtisses and also to the small dimensions of their members, ‘The 
(beathing and shingics is about 54 Ib and so lb fs allowed for wind- 
teal is too steep for snow to lodge on it, This gives a total roof 
) per sq fe of sloping surface. For the weight of the ceiling 12 Tb 
ple, as no Toad other than its own weight fs likely to come upon it. 
(Supported at joint 2 is 10% by 24 ft, or 27 eq ft. The area sup. 
te g and $ is sous! te tehd by 28 ft oF 31 4 ft for each. The 
entree ak Ail ¢ Jk 24h hy 248 fe, or 5645 9q ft. Multiplyh 

Pribe eorrenpocding loads per square foot, there results 1 148 Ik 


















Fig. 4. Scissors Truss (See, alse Fig, 24 and Chapter XXVIIL, 



















fixed, so that the weight per square foot of roof may: be accerately | 
In this instance the purlins are s-in I beams mare aftgin 
weighing 10 Ih per linear foot, The weight of the purting 
roof is therefore equal to 10 Tb divided by 4%, or 2: Ib. For a. 
the corrugated iron should be No, 18 gauge (see Corrugated Tren, 
3515) weighing 2 Ib per sq ft. For the weight of the truss ame! brat 
taken is that given in Table V for a span of x09 ft and Wi-patch 
gives a total dead load of 14.9 Ib por sq ft of sloping surface, 
For wind and snow we should allow 23 Ib per sq ft the 
in the Central states, making the total roof-Joad 36,9 Th per 
generally recommended, however, that no toof should be 
Jess, all told, than 40 Ib per sq ft; the jointloads, therefore, 
‘on that basis. ‘The only loaded joints in this truss are 
‘The trusses are spaced 29 ft 24 in. and the pallea td ito 
area supported at each upper joint being ox sq ft. 
should bbe figured at sGx0 1h,” Even Gor the locality: ry 


+ “The actual weletnt oh Wiis Wom aA oration wae AN ae Neate 
‘whic is ey wa 
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Examples of the Computation of Roof-Loads 1057 
it roof; and it would hardly be considered safe for states further 


Fiat Roof. Example 5. This truss is for a flat root (Fis, 5). 
{of spruce and there is a five-ply gravel roof and a plastered ceiling. 
Toad we have, 





M dead load in pounds per square foot ...,... ti} 


+ is required for wind-pressure, but the snow-load is a Tange pers 
+ total load im any of the Northern states, as indicated in Table VIE, 




















Fig. Howe Truss 


\t the building is located in one of the Central states, yo Ib per sq 
tHlawed for snow, making the total roof-load 47% Ib, ‘The plaster 
he ceiling-joists weigh about 12% Ib and as the roof-space is not 
bed for storage, r5 Ib per sq ft is a sufficient allowance for the ceil 
fy that the trusses are to be uniformly spaced, 14 ft on centers, 
supported at joint 2 is 9¥% by 14 ft, or 133 sq {t, and the area sup= 
At 4, 9% by 4 ft, oF 35% 9 ft. The ceiling-area supported at 
bor 4 ft, or 1309459 ft and at joint s, 9 by r4 ft, or 226 sq ft, Mule 
of these areas by the corresponding load per square foot, we have 
te load at joint 2, 6 428 lb at joint 4, 1 699 Ib at joint s, and x 638 thy 
in practice it is hardly worth while to compute the stresses closer 
fo that the loads may as well be put down at an even 50 or 100 Ib 
ads obtained by computation, When the roof is supported by 
are often some joints of the truss which have no load, ‘Thus for 
a is Pig. 16, Chapter XXVI, there are no loads on joints 2, 6 and 
area supported at joint 4 (Fig. 16) is equal to one-half the distance 
[by the distance halfway to the truss on each side, If the lower 
ts ceiling-joists, there ix a load at each of the joints 5. 5, 7, 9. etc. 
Ass can be drawn for any arrangement of loads, the important 
teotpute the loarls exactly as they are placed on the truss 
examples illustrate fairly well the pepe computing the loads 
Of tramex. Other spects! cases of loading should - 
bres be com- 








‘they must be made todo so in the diagram, 

‘on the assumption that the center lines of 
intersect at a common point. In wooden 

place the members so that thelr center 

joint; but this condition should ctic 
trusses the joint-connections should be made so that the Himes 


intersect in the sme point, 
Table X. Coofficionts for Determining the Stresses in Simple Pia) 
Pan Trusses 


WHEN PANEICLOADS ARE ALL QUAL 


C= span 
Rela 


Simple Fink Truss ‘Simple Fas Tress 


To find the stress In any member, multiply its factor by’ the panel foal 
SIMPLE FOC TRUSS 


Member | Kind bf atress 





Compression 
Tension 
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‘ation of Stresses. Asa general rule, the stresses in a roof-truss can 
bed much more readily by the Gkarmic aerHop than by MATIOERMATI- 
‘TaTrons and with as close a degree of accuracy as is necessary. There 
forms of trusses, however, for which the stresses cin be more easily 
{by comrcration. Such trusses must be symmetrical in shape 
fat-loads ria alike, as fs quite frequently the case with simple steel roofs 


ceiling: 

© to XILL give constants by which the stresses in Fink and fan 

¥. be readily compere simply by multiplying the constant by the 

dlat-load. These tables apply, however, only when the rafter is 
the struts into equal spaces, giving equal pancl-loads, For any 

Itiuns the stresses should be determined by the GRAPHIC sucruoD. 








{L. Contiicients for Determining the Stresses in an ERight-Panel 
Fink Truss 


WHEN PANELLOADS ARE ALL EQUAL 









T= span 


Bight-panel Fink Truss 
‘odd the stress in any member, multiply its factor by the panebload, & 
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Table XIV gives cocfficients which ate general for any spam ant 4 
eight-panel roof-trusses with the Howe and Pratt types of brackig. Ti] 
and XVI give formulas for compuTtnG the stresses in syeumetticn Mi 
Pratt trusses which are symmetrically loaded. The ceeffachents are 
‘trusses having an = women oh = Boe oe Howe trass Rede, 

Jet of panels The concent or eke ‘center! So 
Wduided by two. For Une cent Yond see | 
also divided by two, except Chat tae Ne eet 
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Pratt trass with an even number of panels the coefficients are divided 
or the center Joads for all pieces, except that for the center vertical 
dn the top chord, the coefficient remains unity. For the young architect 
be these tables will be found useful in furnishing a check upon stremes 
id by GRAPHIC METHODS. 


XML. Coefficients for Determining the Stresses in an Bight-Panel 
Cambered Fink Truss 


WASRE-LOADS AME ALL EQUAL AND CAMBER EQUALS ONE-SDOKH TRE 
TOTAL RISK 
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Stress) coefficient X Por 9. 


For a half-teuss supported at 4 and rele all oa curity 
‘and all bottom-chord coefficients by m, The coufficents far the web-menl 
remain unchas 
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fe XV. Coefficients for Howe Trusses which are Symmetrical About 
the Center of the Span and Symmetrically Loaded 
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adds piv Py atc. the coefficients for the chords and diagonals are the same as! 





F ther Koads 2), 2's ete, The confheients for the verticals for lows py, py. er 
a in the supplementary table below the general table. Tension is indicated] 


use diagram by light lines 
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For londs $1, fy. etc. the coefficients for the ae and ‘Magen a 
coefficients for: 


iven for the loads Py, Ps,ete. The he vertical fee 
are given in the supplementary table below the pele yet rs 
in the truss-diagram by light lines. 
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tmples Showing Use of Tables in Stress-Computations 


Truss. Example x, In this cxample a simple fon truss of 
# considered, The distance on centers of trusses f 12 ft. The 
bess ft, orfyh~ 4. The total loud per square foot of rect #40 Ib. 
of rafter is 26 ft, nearly, The panelload, P= 2% x 12X40 
‘ben from Table X, 

ower end of rafter A = 5 300% §.50 = 17 888 Ib 

fds of main tie F 3 200% 5.00 = 16 o00 Ih 

Jenter of main tle G = 3 200 X 3.00 = 9 6e0 Ih 

braces D and E= 5 300 X 1,08 ™ 5436 1 

ic K= 3 200X2 = 6 4oolb 

(el Howe Truss. Example 2. (Table XV.) A fivepanel Howe 
dered, for which # = 6 ft, «= 9 ft, 6='10 ftand em 13 ft. Let the 
ced 10 ft on centers, the rol-lead be 4o 1b pee aq ft and the ceiling 
br sqft. The panel-loads beoome: 

(9 16) (10% 40) = 3 800 Th 
(34 10) (roxas) =a goog T0018 
(10% 12) (10. 40) © 4 400 Ib | 
{to-412) (10% 15) = £700 Ib f “6 tl 
Upm Be X 5 200-495 96 100 = 17 Cooly 
ae %x 5 200+ 1%4X 6 100% 27 100 Ib 
82/6 (5 2006 100) » 20 400th 

86/6 6 100 1x goo Ib 

[00+ 1400+ 1 700" 7 soo Ib 

et 














1 results all values between so and 100 have been considered! 260. 
ination of Stresses in Roof-Trusses by Graphic Methods 
hie Method is the simplest and in most cases the quickest method 
fig the stresses in a roof-truss; and it has, besides, the additional 
{being applicable to any true trissform or any arrangement of 
‘v is also lees chance of making a mistake in the GRAPHIC METHOD 
imiethod of NUITERICAL COMPUTATION, as an error in the graphical 
lest always becomes manifest. When the principles are under. 
ie-ptAGRAMS can be very quickly drawn, without the aid of books: 
Yor the forms of trusses in common use, the method of drawing the 
ms fs quite simple; and a careful stady’ of the following examples, 
by a little practice in drawing the diagrams, should enable any 
tughtsman, or builder to understand the principles involved in the 
(RALYEIS OF ROOF-TRUSSES 

8 Upon Which the Graphic Method is Based. To thoroughly 
this methiod, a knowledge of the Couposttion’ AND WREALUTION OF 
explained in Chapter VI, is extentiat; and before studying this 
student should real carcfully pages S88 and'289. ‘The thevremns 
‘explained on these pages form the basis of okamuc srATics. 
demic seeTHOD all forces, including the loads, are represented 
Tines, atid the directions of the forces must be constantly kept in 
It Is of assistance to indicate the direction of & force by an arrow- 
Inined of page 289, The direction in which a force acts with refer- 
(dy indicates, also, whether it is a »esrrvo of a PULLING force, Gr 
member an wite’ the force or for which the stress acts is in compurs- 


BM. Tile ls more fai explaitied! in the following paises, 
With several of the strese-dagremns, Sieotaie ine. 
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( baid off to scale, usually in order, the frame or truss upon which 
\ot be moved either vertically or horizontally by the forces. The 
ww should always be drawn and closed before any attempt is made 
the stresses in the members of the truss The stresses in the 
‘e truss will now be found, beginning with those meeting at joint tr 
LED meet at this joint. The stresses in these two pieces and Ayare 
¢ and, consequently, if laid off in order will form a CLoskD rrouRE 
Thapter VL. In diagram 2, da represents R: in MacNerupe and 
from ¢ draw a line parallel to AC and from d a line parallel toCD 


1h 

4a. 

by Trus-diagram 2. Strew-diagram 
‘Fig. 6. Triangular Frame 





jem until they intersect at ¢ ac fs the stress in AC, and of that 
fand da, or Ai, are in nqumimercy since they form a CLOSED PiG- 
the forces in order, da, or Ri, is known to act towards the joint, 
ee bs also towards the joint and hence the stress is of the same 
(he force Ry and the AC is in compnesston, AC pushes 
nt as Ri does. Continuing around the stress-polygon dac, in the 
| od acts away from the joint and the stress in CD is opposite in 
he foree Ri, or CD is in Texs108. CD pulls away from joint 1. 
stresses in the pieces BC and CA and thr force AB are in kqvt- 
$aldes of the stexssroryoow are ab, be and ca (diagram 2). The 
| repemsents the load of 100 Th acts down and towards the 
Act towards this joint, showing that the stresses in BC and CA 
e character as the force A, or that the pieces push against the 
eich is in CoMrREssion. At joint 3, the two pieces meeting arc 
‘The staxss-rovycos is hic. Here Mf acts towards the joint, de 
joint, and cb towards the joint, As found before, the stress in 
[and that in CB, comvexssiow, Diagram 2 is made up of three 
ss, one for each of the joints shown in diagram r. Each of these 
joaidered independently when determining the arAcxrrepe and 
tho stresses or forces. ‘This is important to remember when the 
fsare combined asin diagram 2. In determining the cuanacter 
VAG, for example, from the srerss-ronxcox dae for joint 1, the 
owards joint 1, while from the stxrss-POLYcON abc for joint 2, ca 
pat 2. In both cases the piece AC fs pushing against the joints 
Js in. compression. . If arrow-heads are used in indicating the di- 
forces in the sturssroLvoows, they should be erased as soon as 
lof the stresses for the joint being considered have been founds 
ire polgonsare combined asin diagram 2, each Jine will have two 
ainting in anpecite etanes adinn 0 contusion. Arrowheads 
leche racmnciceia. Lach piece will have ¢wo arrowheads, 
(ofernine to the Aviat at the end. Whea the arrow-beads point 
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fs the same whether the load is applied as shown in diageam 4, oF 

lingram x. Considering the case shown in diagram 1: ‘The roxce~ 
cod (diagram 2); the sides of the staimis-roLyeon for joint © are od, 
je stress in DB being compression, and that in BO, tension. For 
des of the stress-polygon are de, ca, ab and bd, the stress in CA be~ 
fon; that in 4B, compression; and that in 8D, compression. For 
tes of the steess-polygon are ac, co and oa. The stress in AC is com- 
d that in OA, tension. The condition shown in diagram 3, where 





4 be 
a * 
2 Streas-diagram 


Fig. 9. Crane Truss 


Ispended from joint 4, leads to a different form of 'erRESs-DIACRAM, 
hod of construction remains the same. The stresses in. the pieces 
‘with the exception that the stress in the piece 4B Is zero for the case 
wgram 3< 

te Truss. Fig. 9, diagram t, shows the TRUSS-DIAGRAM of & CRANE 
frtieal load at jolnt 2. ‘The xxrrxNa roxces acting on the frame 
Yat joint 2, the supporting force at joint 5, and the stress in the 
nes the frame is in equilibrium under the action of these three forces, 





ft gO is Rin ustes 

bn of | this Pig. 10, King-r0d Truss, Trussdiagram 
FORCE-FOLY- 

(awn: The rides of this polygon are bc, ca and ab. ca is the stress 
1 which is in tension. The streespolygons for each joint can now 
rawn and: the stresses in the members of the {rame determined 


ving RxaMrurs, worked out in detail and with considerable repetis 
table the student to grasp the principles of the cxamme se7itop 
(ng stata pt reanam sraceriees 

(Trwen Beample 1. Fig. 10 shows the reess-piAgrase of the 
tod tv Pig 1, property dew, lettered and figured, ready for 
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fo of nit less than 1% in to the foot; and the stross-tiagram should 
ine by line, in accordance with the foregoing directions and the 
led and compared with those given in the figures. A variation of 
Ib for small stresses and less than 1% for large stresses may be ex- 
greater variation indicates cither that sufficient care baa not been 
drawing the stress-lines exactly parallel to the corresponding lines 
dixgrar, or that an error has bees made in drawing the trussdia- 
scaling the fines of the stress-dingram,. After those two examples 
forked, a number of the following examples, also, should be solved, 
fuciples are fully understood, 

r Museum of Fine Arts, St. Louis, Mo. Rxample 3. Fig. 18 
he truss-diagram of the truss shown in Fig. 12, Chapter XVI, 





a 
{ig 18, ‘Truvediagram, “Muscum of Fine Arts, St. Louis, Mo. 
Fig. 13s, Stressdlagram 


dicated being approximately thowe duc to the roof and suspended 
‘The loads being symmetrically dispased, each supporting force is 
pehalf the total load, or 41 oyo Tb. ‘The counterbraces CC, shown 
KEXVE, are omitted from the truss because they have no stress when 
iniformly loaded. To draw the stressdliagram (Fig. 13a), first 
le the vertical fine sa, equal to 41 e4o Ib, equal to Ki; and then ob 
Wet respectively to AB and BS and representing the stresses acting 
‘At joint 2, the line ba represents the stress in BA; ac, equal to 7 200 
AC; ed, the stress in CD; and dd the stress in DB. The polygon 
Ents the forces in equilibrium acting at joint 2, At joint g there are 
(we forces; andl as three unknown forces out of five in one polygon 
Metmined, joint 4, whero de and the load CF are known, is considered 
puirlig off the load of, equal to x2 240 Nb the stresses in PR anid ED 
Vechvermines These are found hy drawing fe paraliel toPE, 
Wee the two fines intersecting at. At fine (9h bd, Geoieke 
own ep aod ay are des 00 close the polygon segs. At 
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the pilygon. At joint §, fe, ef and fm aro known and mg and ef 
aint 7 is considered next, for at joint 6 there are three unknown 
ty the graphie method three out of five forces, meeting in a point 
‘ium, must be known in order to determine the other two. At 
(mae? are known and oy’e' and g’¢ are drawn to close the polygon. 
‘the determination of the stresses in all the pieces for one-half 
dof course the stresscs for each half are the same as the loading 


A Howe Truss. Example 5. For the next example a Howe 
dered, whose center lines give the diagram shown in Fig. 15. 








Fig. 15. Howe Truss, ‘Truss-diagram 


sed for a span of 6 ft, and it supports, in addition to a flat root, 
& below the bottom chord anda gallery on each side. The loads 
X joints are about as indicated in Fig, 15, ‘To draw the stress 
154), first construct the force-polygon by laying off to scale in 
ternal forces, commencing with the left reaction 34 200 1b. Next, 
joint ©, the supporting force su és known, the stress in the rafter 
stress in. the tie ps, closing the polygon. At joint t, pa and ad 

















* ae 2 
Fig. 15a. Howe Truss. Steess-diagram 


[bm and np are drawn, closing the polygon, At joint 2, gf, sp and 
tnd wand mg are drawn. At joint 3, mm», #d and be are known 
are drawn, ‘The stresses at the remaining joints ate found in the 
hose at 3 and 4. Tho stresses in pounds in the various members 
noted in figures in the stress-diagram (Fix. 154). 

wleaded at Alternete Joints. Example 6 (Fig. 16.) This 
pane rates A nelected to show how to proceed when there 1$ 10 








a line is drawn from a parallel to AB (A covers the entire space 
to joint 4), and a line from d parallel to LD, the two lines 
‘The force-tines and stress-lines are as follows: 
At joint a:\ad) de, of amd fos 
At joint 4: fe, ea, ab, bg and gf; 
of, Se, gh and 
‘hg, gb) bi andl 













Fig. 104. Home Tru. “Strove diagnim "1 


in JX, for equilibrium there can be none in AD: “There ts, also, nod 
middle rod, Although these members have no stress if by adviswll 
them in the truss in orien wo widlen ve ton and bottom chords | 
De made very Vph\, say Ya ln Wo Shounen. Nore Nome wah aA Sey 
fection bor Une twaceas ¥ 


= | 
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ws with Slanting Top Chord. Example 7. In onder to give = 
roof it is often desirable to incline the top chord of a Howe TRUSS 
| Chaptee XXVI. Pig. 17 shows the trassiagram for such a truss, 
\ the stres-dingram The liter Ix drawn in the same way as the 
rin Example 5, but because the top chord is not level, the stress 
ot synimetrical. When the stressdiagram Is not symmetrical it is 
‘complete the entire diagram, so as to show the stress in every menss 
iss. The stress-tines for joint g are om, wa, ar andre, This leaves 





R= 10000 


> 
eo 






=F 
ale 


ees 








#5 to complete the diagrat 
Joining and /'will be exactly parallel to RF. ‘There is no stress 


Inclined Ties, Example 8 (Fig. 14.) This truss has the 
45 the truss shown in Pie 14, but the diagonals Ineline in the 
and nl Ae pee wihit tie vertious except the middle arie, 

7 ie forms of trass is eumetinres sed in wooden in 

the bone mihdic braces shown ia Fig. 14. Long ties'are, 8 
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Fisk Truss. Example 10, (fig. 20.) ‘The inclination of the 
and the distance between the trusses 20 ft, The leads are cal- 
slate roof on boards or on angle-iron purlins. Commence the 
\ by drawing a vertical line equal to the supporting force Ri, ot 
| lettering the lower end of the line @ and the upper end ¢, as these 





Fig. 19, Fan Truss ‘Trusediagram 


(on each side of the supporting force at joint o a” and mo are 
[to AN and NO. Por joint 1, ne is drawn upward; ab is laid off 
tb and dee and mn are drawn parallel to BM and ALN. At joint 2 
¢ known, and wi is drawn parallel to ML, the sides of the stress. 
‘om, mw, mf and fo. At joint 3 a new condition is met, which is 
iny of the preced- 
(and which is 
tks form of truss, 
parently unknown: 

a study of the 
« however, it is 
f and 2K act ws 
wenons, taking up 
im the lower ends 








pe the next mb and Fig. 10a. Fao Truss. Stres-diagram 
ual to 16 x00 Ib. 

© fs denwn parallel to C2 and from J, th I point, = line 
(~ Batwwen these two lines there must be a line, i&, parallel to 





in length to'ml; and this line is determined by means of the 
| parallel roler and atraicht-edee. If correctly drawn, the joint ¢ 


wile The skles of the stress-polys for joit 
Ir aro elon fo oat are, the, 









Fig. 20a Cambered Fink Truss. Stress-dlagram 


bered Fink Truss. Example rt, (Figy 21.) ‘Phvie te thet) 
0, with two additional loads. Steel thisses of this shape 4 
required to support loads from below. In Fig, 22 there are two. 
each, supported at joints 5 and 9, in addition to the roet-loade 
diagram is drawn in exactly the sume way as fa Figs 304, eencnpe thi) 
the first-known force 0, parallel to RO, 4 tors is laid Off, locating) 
joint, thea, ra, of and bare known and he and grare drawn to chow! 
Tt should be noticed that the stresses in NA JH, Mi KD and ER a 
ina the stresses in Une cceerensing eee SSL eae 
edilingload. Nich VAM, WENER 10” 
brates “in Doe eiypartinng, vations, Noe RRR Arr 
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ae 
lest Stews Thence Trverctingracs = Fig. 224. Sclesors Truss. Stress 
diagram 













at joint x (14 600 1b), ‘The sides of the 


are as follows: tM 
At joint 1: 0a, 9¢ and 0; { 
At jaint a: ¢9, ab, if and fez ,| 
At joint 3: 0¢, ef; fh and bo; = | 
At joint 4: Ay, J, bk and bh; “Ts. 
At joint 5: 70 (t t00 Ib), of, BB, Amn fry is 


At joint 6: dk, &B, be (5.400 Ib); eye and mad; ‘ 
At joint.7: me, ce" (5 490 Ib), em” anid 


‘Tho student should notice how much the stresses fix the pri) 
this truss exc te waiypenina, Kone on Nand ec artes) 
inthe reiddle oA, For ome veamne, Sip mn 
‘spans exceeding 96 1X, | 
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fruss, Example x4. Fig. 24 is the trusedingram of the truss 
4, page 1056, and for which the reof and ceiling-loads are computed 
| page rss. The truss shown in Fig. 4 is built of planks spiked 
frether, but the stresses are found in precisely the same way if the 
‘of heavy timbers and supports a greater roof-area. It should be 
hat only the shape of the truss and the loads, including their point 
4, affect the stresscliagram, The stresses at joints 1 and 2 are 
+ commencing with oa, equal to Rj. At each of joints 5 and 4, 
te are three unknown forces. We cannot obtain the stresses at 
those acting at joint 5 have heen determined. The known forces 
ad RO, equal to 450 Ib, and the stresses acting in OL and EF; and 
forces, those acting in FH, HK and KR. HK and KR are in ten~ 
‘€ to hold joint 5 from falling down and outwards; Either one, 
may be omitted, and the greater the stress isin one the less it is in 
he only way to complete the stress-polygon for joint 5 is to fix the 








(ors ‘Truss. ‘Truss-diagram. (See, also, Fig. 24a. Scimors Truss. 
and Chapter XXVIM, Fig. 2) Stress-dingram, 


he of the unknown stresses arbitrarily. ‘The most satisfactory 
bt be to make the stress ia HK equal to that in KR. ‘This is 
bs: The first known force at joint 3 is the load represented by r9, 
ing obtained by measuring upwands from 0, 430 Ib; next, the lines 
known, Fromy/‘a linc is drawn parallel to FH and from r, a line 
R. These two lines must be connected by a third line parallel to 
fhe should be drawn so that its length is equal to &r, which can be 
ns of dividers, Lettering the ends of this lined and & the sides 
tod strexs-polygon for joint 5 are ro, o¢, ¢f, fh, kk and kr, Knowing 
1B, there are but two unknown forces at joint 4, and these are readily 
tides of the stress-polygon for joint 5 are fe, cc’, e and U1. Com- 
fex+diagram with that of Fig. 23. it is seen that the stress In the 
much less in proportion to the loads tor the truss shown in Fig. 26 
ine shown in Fig. 23, this reduction being due to the horizontal the 
ht trusses butlt of planks, spiled or bolted together, the form of 
Fig. 24 is preferable to thae shown do Pig. 23, 

eacaple ss. Fig. 25 fs the trussdingram of the scissors 


rane. 
| fie 27 of Chapter XXVL The Noe EF in Fig. 28 does not 
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Why the center line of the strut in Fig, 27, because the inner end of 
dropped slightly on account of the detail of the joint; but in truss 
| lines must go from joint to joint, otherwise the stress-diagram can 
t. There are no stresses in the middle diagonals under a symmetrical 
| hence they are shown by dotted lines in Pig. 25. As no complica 
fh drawing the stress<diagram of this truss, a detailed description is 
+» The sides of the stresspolygons for the different joints are as 





For joint 4: fb, be, oh, IW; 

For joint 5: a7, re, of, fh, hs. 
jincide, showing that the compression in CH is equal to the tension 
ie plus and minus signs in Fig. 26, as in all the other diagrams, 
yressloa and tension respectively. 








Truss without Tiebeam. Truss Pig. 204, ‘Truss without Tie- 
diagram beam, Stress-diagram 


fithowt Tie-Beam. Example 16. Fig. 26 shows a truss which ts 
[S908 TRUSS nor a NAMNEER-NEAM TRUSS, yet this form can be made 
tmilar fo the HAMOnEA-KEAM TRESS by inserting a curved brace below 
replacing the pleces OM and OH!’ by curved members. ‘There is no 
drawing the stress-diagram shown in Fig. 26a. 

ontal Thrust of Scissors Trusses. In the examples just given 
assumed that the reactions are vertical and consequently that there 
DOTAL TtKUST, ‘This would be true if the materials composing the 
} absolutely rigid. ‘This is not the case, however, and all trusses 
the geometrical lines of their shape change in shape after the full 
lied. In the scusons tupss this changes the length of the span, 
bnger amd permitting the rafters to mg. If the trusses are con 
‘ha camber in the rafters and the span made a little short, the riexUsE 
‘supports can be practically eliminated by fastening one end of the 
‘oviding for a movemep? at the other, so that when the full roof and 
[oe earl the tross the span will have its correct length, 
ahs we msiest Kisowr HOW ACH THE SPAN WILL CHANGE IN LENGTH 
tack This cnn be determined in the manner shown in the follow 

















Fig. 260, Simple Scissors Truss and Stress-dlagrams 


member, in square inches; J, the length of any member, i 
modulus of elasticity of the materia! composing any 
CHANGE IN LENGTH oF SPAN when the truss is subjected to its 
Sule 
D- Diak 


If H Is the tomzowrat yoace applied at K, which ‘is necesary 
value of D= o 
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Lealculations for Fig. 260 are given in Table XVIL, assuming that 
excepting FG, are composed of 6 by Sin white pine timbers with 
200 Ib per sq in, and that FG is an upset round steel red having 
8s aq in with £ equal to 30 009 e00 * th per sq in for steel. 





i. Computations for D and # for a Particular Scissors Truss 











law | w ts} 6 @) 0s) 
be | 4 | Sta] ‘ Sw wt 
pe | Pers AL ae 
| =i a 
Har6o) | 87.8 | tort 54.8 0.00538 | ©.c0000118 
+2100 » | 34 +o7 us ©.0035t | ©,co0C0LL8 | 
+2100 ww Bsa +9.71 a8 0.00St | ©. co000r TE 
tuto] 3% | 68 | tor | 844 | c.coms)| © cocoons 
tho J 6&5 -13 126.5 0.01316 | © concct7s, 
<ao| 9 | 65.5 | —t58 | 16.5 | c.ongu6 | © ccccets 
+80) % | a2] o 2 | oo |oo 
migho | 0.785 35.22 | —1,00 0 0.00672 | ©,c0000340) 
+ ko x» ae ° ie 2.0 °8 
alee 





in and H = 0.05062 + o.00002562 = 1975, oF, approximately, 
his shows that the span would lengthen about go in, if allowed free 
Mtoe end; or, if fixed, there would be ® MORIZONTAL FORCE of 
ding to push the supports out. In columa 4 it is seon that the 
square inch are only about one-tenth of those permissible. Assum= 
loads become 10 c00 Ib at each apex-joint, the HORIZONTAL DEFLEC- 
bs about ¥% in, and the somazoorrAL sHxvsr becomes 20000 Ib, 
‘tonclusively that a lange excess of material must be employed in the 
ss, particularly in the members xa and ame which contribute over 
‘Yalue of D as shown in column 7, if the moizoNTAL DEFLECTION is 
so small that its effect may be neglected. As stated before, if the 
litted to deflect horizontally until fully loaded, the walls or supports 
hsibly no HORIZONTAL THRUST to resist, 
amer-Beam Truss. As usually constructed the MAMMEN-BEAM 
‘ected. to exert more oF less HOVIZOWTAL PRESSURE at the supports; 
provided for by heavy walls and buttroses. The diagram of such 
own in Fig. 27, fn which the cumven neaces usually built in the 
of the truss are not shown, as they are considered to be purely orna- 
for vertical loading have no stresses, The brace OM is drawn as 
(re straight; but a curved brace may be used instead, without alter- 
fam, The stress in the curved piece és that found from the stress 
reased by the bending stress due to its curvature. To determine 
te members of this teuss it Is necessary to first find the HORIZONTAL 
be truss against the wall. To do this all the truss-members from 
int 4 are considered to form a THAMED DRACK, OF ASSEMBLAGE OF 
beting the upper portion of the truss at joint 4, of a SINGLE BRAC 
broken line 04, Fig. 27, is assumed to have the same effect on the 
be ploces put together jo the reawno srevr; that fs, the truss is 


20 por sg bbe weed foe the valve of B. 
Fakaarats See Tab f pape age tel the values of D amd 
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‘pon. It will be noticed that the ponvoon crosses without allow- 
he drawn parallel to /4f; hence there is no stress in JM, with 

‘When there are wind-loads there is some compression in JM, 
(ris anecessary part of the truss. At joint 5 there are the stresses: 
and at jolnt 6. bd, dd’,¢'k* and &'k, which complete the stresses for 
ss) which are all that are needed. Comparing, now, the dingram 


w 









Rp 20 tone 


a 3 
Span —t8'0" 
Fig. 28, Suspended Pratt Truss. Truss-diagram 


}, with Fig. 26a, it is seen that, in general, the MAGNTTUDES 
$8 in the truss, Fig. 27, are much less than those of the stresses 
26; while, on the other hand, the Jatter truss may be s0 con- 
to exert the ovrwaxp Timevsr on the walls, exerted by the truss 
27. Hf curved members are introduced between joints 3 and 
2, they should be lightly secured at the ends or the stresses deter- 
manner 
pscisoRS 





id Pratt 
aple ry. 
be the 
ofa ate 
TRUSS, 
ed at top 
ith 2 tons 
t. The 
fs drawn 
fame way 
© TRUS, 
diagonals Fig. 284. Suspended Pratt Truss. Stress-dlagram 
site direc 
‘ses shoul be drawn for the joints in the onder in which they 
In this truss the verticals are in compression and the diagonals 





js, Bzample 18, Fig. 20 is the trassdingram of & light fron 
(of ga-ft span, intended to support a tar-and-gravel roof, the 
tight-angles to the line of the trusses. ‘The stress-diagram is 
tprevions examples, taking the joints io the onder ia which they 


tem Truss, or Lattice Truss, Example 19, The truss-dian 
[Be Wo beat analysed by consideriag it as buile up of i 
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fe, aid one over the other, the full lines indicating a truss such 
UFIg- 31, and the dotted lines a truss as shown in Fig. 32. Theee 
fous would come on the first truss and four an the second, ‘The 
und for each truss sxparitely 
thine! for the top and bottom 
§ the stress in the top chord 
Fig. 30, would be that in AD, 
tons; from 5 to 5 it would be 
itress in AD, Fig. 31, phos that 
82, of 9 tons; from’s to 7 it 
ah to the stress in BP, Fig. 31, 
ts in BE, Fig, 22, or 15 tons 
fe sttess in tho bottom chord: yyy 

‘ithe same way. The-diagonal 7° #14 Waren "Tram. Stree 
fs act Independently of ‘each 

© stresses are those indicated on the stresediagrams, The plus 
tompression and the minus signs tension. In Fig. 32 the sides 
polygon for joint 7 are fe, eb, be, and ge, which closes without 
Aline parallel to GF, showing that there is no stress in the two 

















Fig. 32, Warren Trust. Trus-dingram 


except that duc to the weight of the bottom chord. ‘This truss 
structed of stecl angles. Whon wood is employed, three or four 
sse5/are combined forming the Lartice TRUS shown in Fig, 
8. It is entirely unnecessary to use graphical methods in 
determining the stresses, as the chords 
and web-members are respectively 
form in size. For the chords the maxi 
mum Vending moment divided by the 
distance, center to center, of the chords 
ives the designing.stress for the chords. 
The maximum vertical shear, usually the 
reaction, divided by the number of 
simple Wangkx THUSsr% combined gives 
the vertical companent for which the 
web-planks aredesijmed, ‘This, of course, 
free Tras. Strew-dia- leads fo a waste of material as fat as 
ean resisting stresees is concerned, but for 
stiffaess and economy in labor, the extra 
lsd: This truss can be extended indefinitely by giving it 
st forthe span. (See, also, pages 1008 and 1009.) 
War Trams, Remon se. Fis. 39 iy the trassdiagram of trase 
les $8 Chapter XXVI, the pancl-soads being taken at 
the anaths bine the same for any other ads, The etree 
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js drawn exactly as in the previous examples, commencing with the 
ie force ea und considering the joints In the order in which they are 
{En this truss the diagonal web-members are all ia tension ant the 
in compression. It will be noticed that the inclination of the diagonals 
‘panels nearest the middle of the truss is opposite to that of the diagonals 
kr asels. ‘This is due to the inclination of the top chord, which causes 
fve stresses in the inner diagonals when they incline the other way. 





Fig: 85 Quadmngular Truss. ‘Truss-diagram 


tensile stress. The truss shown in Fig. 34 is very similar to that shown 
|, the principal difference being that the slope of the top chord is lesa 
‘mer than in the latter. In Fig. $4, the diagonals in the two middle 
ly incline from the top of the middle vertical, and the stress in these 
is very small, With a still less inclination to the top chord, the stress 
jomes zero; and with a horizontal top chord the character of the stress 
feversed. To keep it in tension, its direction should be changed, as in 
‘T Teves, Fig, 28. Comparing the strosses in these two trusses, it is 
while the strewes in the 
barelew lo Fig. 34, than in 
the stresses in the chords at 
le are considerably greater, 
fe, the less the height of a 
peoportion to tho span, the 
ihe strowes in the chords, 
at the middle of the truss, 
angular Truss, Example 
© 35> is a truss<diagram 
the truss shown in Fig. 60, 
XXXVI The trussdiagram 
4s in tho previous examples, E 
hat ia this case, as the Fis 35s, Quadrangular ‘Truss. Stress 
thord bas different inclina- anos 
he different pancls, the streaelines do not lie over cach other, but 
imo, the lines in the stressdiagram being parallel to the corresponding 
be truss-diagram. In this truss the character of the stresses in the 
web-members is reversed in the two pancls nearest the middle. Thus 
pi the stress-polygon for joint 4 are th, £6, bc, cm.and mvt, the stres mb 
m the joint and hence denoting tension. At joint 8 the sides of the 
pron ate rp, Ad, de er wind a7, the latter Nine acting towards the joint, 
tetowrier comprrecioa, Under irregular loading, the character of 
(34 moot protably be rovecwd, 20 tba the piece would be ia tems 








curved bottom chant, “The stress-dis) 
the lines from o parallel to the memby 


be considered as made up of straight 
drawn parallel to an imaginary stealgh 
is no load over the conter of the two 1H 
are no stresses in the trussmembers 


Fig 304. Quadrangular Trum. Stren 


economical for very great spans. Int 
‘example, the top chord ls curved and 
All the other members are in tension, 
weight of the roof itself, the diagona 
shown in Fig. 87 are all — ee 

re on one side of ive Took Gsly 
Kingonals diown by the Saal H 





( 
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ing the additional set, are not stressed when there is a vertical loaf 
€y are omitted in drawing the stress-dingram. To draw the stress 
€ loads are laid off on a Vertical line, as in all the previous examples, 
being half-way between ¢ and ¢’ (Pig. 374). 00 ts the supporting 
(tr. In drawing the stresses at the different joints, those at jaint © 
wn and then those at joints 2, 5, 4, $, etc., in the order in which they 
ed (Fig. 37). In the stress diagram, oa, equal to the supporting 





9 —— ==} 








Bowitring Truss. Strestdiagram 


(tx, is known and from a a line is drawn parallel to AG, and from 
allel to GO. These two lines intersect at ¢. The lines repre 
stremes in the curved members of the truss are drawn parallel 
lines connecting the two ends of each curved piece. Thus ag is 
el to 13 and of parallel to x2, At joint 2, og is known, gh is drawn 
9H and ho parallel to HO. At joint 5, Ag and ga have been drawn, 
is known and Of and ié are drawn. At joint 4, of and A¥ have been 
th and ko are next drawn to close the polygon. The strew+lines for 
(Bare drawn ina similar way, and those for $, 7 and 9 similarly to 
tg. After drawing the strese-lines for joint 9, joint 10 is next con~ 
i after the stresstines for that joine are determined the stresses in 
hers of the crass are kwwa. The stresses in this particular exam] 
moumtoon the reyxxtive fines in the stress-diagram, It wil be 











eee 
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¥ Te amAcrions. If the truss remains in position it follows that 
‘acting upon the truss, such as the Loans and REACTIONS, must be 
(Ua; also since by definition a Txuss must act aso mKAM, the trum 
laced by a wea in considering the ovrsime gorces, In Fig. 38, 
Hines reprosenting the direction of the forces, as shown, until they 
ST and assume ST to be a simple beam loaded with the forees AB, 
Seginaing with AB, to some convenient scale lay off the forces in 
wn in Fig. 381, The broken line VU represents the forces in magni- 
irection. For equilibrium, forces equivalent to UV are requirod. 
[ent when we remember that the algebraic sum of the vertical and 
homponents of all the forces acting must respectively equal zero. 
at the supports at S and 7, Fig. 38 are similar in every respect we 
thatthe reactions Ai and Re act fi the same direction and that they 
tO UV. This does not determine the magnitudes of Ry and Ry. These 
adas follows: In Fig. 58, assume any peint W and draw the lines 1, 
in Pig. 38, starting at any point on A) draw the line 4 parallel to the 
B84, and extend it until it cuts the direction or line of action of the 
shown; from this point draw a lineparaltel to 2 in Pig. 88a, and extend 
its the direction of BC as shown, ands contitiue watil line 6 is drawn 




















Fig. 38m, Unsymmetrical Truss. Trustingram 





Draw fine 7 in Fig, 38 and then in Pig. 884 draw a fine parallel to 
wotil it cuts UV. This point divites UV into two parts, the upper 
agnitude of Ry and the lower the magnitude of Rs. No trouble will 
ted in applying the above method if the following rule ls obeyed to 
Tn Fig. 38, the parallels to any three lines in Fig. 384 which form a 
ist méet in & point. For example, in Fig. 384 lines 1, 2, and Pi, 
fa triangle, and in Fig, 38, their parallels meet fn the point X, To 
it fs not necessary that the forces AB, BC, ete., be used in order in 
it considering them in order, on 2 simple beam, makes the graphical. 
1 in Fig. 38 less complex and avoids many chances of error, The 
Hined above Is general and can be used for forces acting in any slirec~ 
forces are parallel then the load-line ab, be, ce, etc» in Fig. S84, and 
Yowill coincide; bot the method of procedure remains tnchangéd. 
i the rorces acting upon the truss have been determined, for con~ 
dey will be shown in character, in Fig. 38u, and the steesses in the 
vanpesing the trace will be found. Firat buy off the forces in exnct 
Chat they form a chases rrotee, which sust be the ciweif they ate 
W Tibedines with acrom-beads ia Fig. 38¢ show this construction,’ 










































‘The frame may be of any form as long as it ix rigid so the 

as shown in Fig. 380 and the stress-liagram proceeded 
until the stresses in EN, VO and OG have been found. 
point O, Returning to Fig, 38m, it is found that at joint 


Has 








KL and LO are known; hence these can be found in the usual maria 
fis next considered and s0 on untit the diagram is complete. ‘Tbe lit 
‘8c will pass through / if the work is correct. Although the mnethe 
mining the CHARACTER OF Tite sTaeeses has been explained, (t will 
here in a more gencral manner. ‘Take, for example, joint 8, in Fig, 

is in equilibrium under the 

action of the stresses 9, 

op. pa and gg, a8 indicated 

ry in Fig. 38%, at i @ 
Fig. 38x, Uniymmeteical iagram for Pig. 38. 
. shown in Fig. 387, sepa- Trans. Set 
Truss, Forces at Joint & atiat Te. ae fits endl 
‘assumed that the stress in GO is tension. ‘Then In Pig. 38%, 

off go, of, pg and qe, placing the arrow-heads oe thee ‘Transi 
arrow-heads to the ends of the cut picoes in Fig, 38% Indicates 
IND oF sTkeSs. ‘The following examples illustrate the above eiet) 
Unsymmetrically-loaded Truss. Sxample 24- Pig, 39 repires 
gram of a truss similar to that shown in Fig. 1, but of a greater spar 
4 gallery supported from it at one side only. Theapproximate rool 


Voads are indlicatod Wy Vine. Gacgaces caer Nive ee 
one truss from the gathery would ‘oe sheet 9.90 Re 
drawing the strew-Aiagrun \s \o Severin Yan 


| ¢ 
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\ give the supporting forces, ‘This is readily done ii this example 
‘oF wouxwts explained on pages 322 to 324. Moments are rst 
att. As the loads at joints 2 and 3 have the same arm, they 
her before multiplying by the arm. ‘The loads at joints 4 and $ 






Span = 20" 
Rise = 446" 
5 


« Kinggod Truss. Truss-diagram and Equilibrium-polygoa 











Fig. 304. King-rod Truss. Stress-dlingram 


tad 7 are treated the same way. The moments about joint 1 will 


(44 §004-9 000) = ar soolTb x 12% ft= 268 750 ft-lb 





he 4 seo) tz scollbxas ft 322 500 ft-lb 
+ 4 s0) 19 soo) Ib X 74 ft 468 750 ft-lb 
he sum of the moments = 1050 090 ft-lb 


se CLocKwist MOMENTS about joint 1 must be balanced by the 
fax MOMENT of Ay the Lever-iex of which, with reference ty 

the ares, so ft. the force Re is obtained by dividing 
ements of the heads by the span, Dividing x 050 oe ft-lb by 











‘sot, the reault is 21 000 B, which fs the rene 
the digerence b 


Mel respectively to AB and BO, ' 
Ei joint 2 treasure up from oa distance 
ubich gives the point x, and from ¢ aoili¢ 
which intersect at J. At joint 5, the sides of the 
bg and gf. Draw the stress-polygons for joints 4, 
















‘Fig. 40, Unsymmetrical Trust, ‘Trusedliagram and 


they are numbered, At joint 6 the sides of the sttesspolygon ant 
and fi, If liagram has been correctly drawn, the line 4 wilt 

to the loadbat joint 7. The sdes of the foe joit 

4 500 Iby ni, and Jf, the only line to be drawn being jh 

toJT. Consequently J must be exactly opposite f, or the: 

‘The distance dé should be equal to Rs. ; 

Unsymmetrically-loaded Truss, Example as. Mie. 4) is the: 

& wooden rool-truss. The actual loads were about wa given on | 
“There were qrarlines a. Yuin 5 wa extagen 
Toy rods (ron Yanks 4 and 2. wit. Yvan, Samah ang, Sa 

“The moments of Une \uas woot yaa vanes: _~ 
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ga0olb x 8¥4 {t= 27 200 ft-lb 
$500 1b X 15h¢ fk §5 aso ft 
4 roolbx 19 fhe 77,900 ft-lb 
$3001% 24 ftm 132.000 {tlb 





‘Sum of moments » 522 350 ft-lb 


num of thie moments by the distance between the supporting forces; 
b o768 Th as the vahic of Rs. 
If the kads is 15 yoo Ib. Sub. 
6S MS gy2 remains ad the 
| To draw the stres-diagram, 
‘e’d) equal’ 10 8 532 tb equal 
fraw oe and 40”, ‘Tho sides ol 
for joint 2 are 4a, ab, &/, 
At joint 5, f is known and 
red down and) mace equal to 
gpeed efvere then dniwn: “At 
fe ig mcevarng vowards toe 
ting pointe and drawick . 
Mejaine's, Dgand pe ate now FE 40%", Cmmrmmetrical Tram, 
Haeate's $06 Ib onda Ihe from ¢ 
frallel to DHT, "This should yass throush 4, completing the diagram, 
rod 2-7 Is the load at joint 7. 








[te Vesymmetrical Truss ‘Truss-<ingram and Equillbrium-polygon 


setrically-loaded Truss, Xnemp/e 2 Fig. 4 ds the trussdiagram 
trxner sv the aime tivikting x which the tress shown ja Fig. 40 was 
wearmmentsabout Aor 1, there resale, for the sum of the moments, 
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hepeetcrios oF Tine BrAct 16 REVERSED, a8 shown by the full ine, 
‘compression and the vertical R has no stress except that caused by 
lad of tons. ‘There are the same results when the load of 9 tons 
the Joint directly above, instead of at the Jower joint, although in 
eis nossteess at all in R except that due to the weight of the tie-beam, 
fad of g tons is reduced to 6 tons, no brace is required in the third 
‘when the bottom load 
6 tons, & brace in the 
(ction: i required, a3 
£3. (Seepage 1006.) 
‘russ with Uneven 
(Panels, In the five- 
shown In Fig. 44, 0 y 
| tons at A requires . u 
cons Fig. 43. Howe Truss, ‘Truss-dlagram’ 
Vines, and when the load at A is increased to more than 15 tons, 
{needs to be reversed, as shown by the dotted line. ‘The stress: 
(ays shows in which direction any brace should be placed to be in 
but this may be determined also by the following rule. When the 
fads to the left of any section, taken between A, and the middle, is 
tthe reaction R,, the direction of the brace cut by that section must 
from its normal direction. When the sum of the loads is less than 
f should be in its normal position. When the sum of the loads, to 
he section, is just equal to Rj, no brace is required, For example, 
‘consider a section atx, Fig. 44. Here 
a et the sum of the loads to the lelt is 10.5 
t tons, which sum is less than Ry; 
hence the brace should be in its 
normal direction. If the section Is 
at y, the sum of the loads to. the 
left is r3.5 tons, which sum is greater 
than Ky; hence a brace is required, 
ite : slanting dowawurd’ from the more 
a Deedee reat kaded side, | Whta, thasec 
Fig. 42, the lond to the left is 4 tons, an amount less than Kj; 
‘ace in that panel should be in its normat position. When the sec 
the sum of the loads is greater than Rj; hence the brace in that 
be reversed. When the section is at y, Fig. 43, the gum of the 
feft is less than Ky; hence the brace should be in its hormal posi- 
sis tule the proper direction of the brace in any panel is indicated, 
the complication of the loading and of the width of the panels; but 
the rule, it is first necessary to determine the supporting forces, 
be found either by the wertop OF MOMENTS, a¢ explained 
‘or by the GnarMcAL serH0D. 


trical Howe Truss. Bxample a7. As an example of an unsym- 
(ex xKUSS unsymmetrically loaded, the truss represented in Fig. 45 
+ This truss is supposed to support a flat roof and a weoden tower 
wn. ‘The position of the tower necessitates a division of the panels 
so that the truss is quite unsymmetrical. It is assumed that the 
ft roof, snow, and tower constitute the loads in pounds at the upper 
ited by the figures. The eraphica! determination of the reactions 
keleirb: shown io Pige 45 20d 451. The only panels of this truss 
Beane question as to tse direction of the braces are the third aod 
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he condition resulting from the REMOVAL OF THE VAMTARLIE LOAD, 
iid be designed to resist both conditions. Swow is a vARIABLE 
‘ttich trusses are often subjecter!; but as it is nearly uniformly 
fr the rool, it does not change the CHARACTER OF THK STRESSES 
embers. If a truss, therefore, is designed for a MAxTMus sows 
ire than strong enough when. there is no snow.) Moreover, the 
fusth of the chords is usually sufficient to resist any slight inequality 
«The principal Vakianee verticat toabs, therefore, to which 
ay be subjected and. which require counterbracés, nee those due 
‘of people, merchandise, ctc., these loads being either sh’pended 
by rods or brought upon the truss by a floor supported by the 
‘The truss shown in Fig. 46, also, is an instance of «uch loading, 
vor by the figures indicate merely the combined dead toads aud 
During a high wiexp the weight on the Lxtwaxn stot of the tower 
ged and on the wrxpwarp spr detreased, so that when the wind 
‘right, the load at 4-i# greater and at 8 less than indicated; while 
‘blows from the left the load is incteased at 8 and decreased at 4. 
poowrxanexces in both the third and fourth panels. As counter- 
(art, even if never brought into action, it is always well to use 
iddle panels wherever the loads are at all variable. 
Trusses. These trumes may be considered ks UNSYAOOETRIGALLY 
#8, for although the fouds tay he symmetrical én relation to the 
\ustially unsymmetrical in relation to the supports. "The method 
fate serroxrixe roxens and drawing the strese<ingrams is shown 
ig examples: 











Fig 46. Cantilever Truss, Truss<lingram 
Truss, Bxample 28. Fig. 46 {s the diagram of & caNti-eveR 















1106 4 


and as the total Soad ts 7 009 I, Rei 
‘ecoramenced either with the forces at. 





tor ocolb, comust close the polygon. It i 

12; ben he ES ee im 
parallel to the rafter, passes through 9, the stress-diagram 
not pass through ¥, then either the strestdiagram has not 


Sufficient accuracy of an ector has been made in competing: 
Tp drawing the vices diagram tox CNET 
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Truss. Example 29, Fig. 47 is the diagram of a (russ similar 
tat shown in Fig. 46, but with the mIAGONAL BRACES INCLINED 
‘DIRECTION, so a8 to cause them to be in compression and the 
sion. The supporting forces are found by the same methods 
ple 28, and the 
‘also, is drawn by 
ted for Fig. 464. 
oes 
post A. con- 
‘han the reaction 
large portion of 
hamitted to joint 
s LM and WR. 
three sections of 
he right side are 
and three sec- 
yttom chord are 
fis is because ia 
projection of the 
toportion to the 
fess than it is in 
(the stress-lines: 
of the load-line 


tntllever Truss, 

f this example, 

mo B truss with 

Ht the outer end 

iso that Ryacts Pig 474. Cantilever Truss, Stress-diagram 
determine the 

character of the supporting forces moments are taken about 


& 
its of londs to the right of joint 7, the figures on the force-arrows 
fram Indicating thousands of pounds: 


BY-+ (5 26)-+ (x 24) + (12.5 X 32) 640.000 ft-lb 
ats of loads to the left of joint 7: 
(25 24) + (5% £6) + (5X8) = 180.000 ft-lb 


ats act in opposite direction with reference to the center of 
6, the smaller sum, is subtracted from the larger, leaving an 
ent of 640000 ft-lb ~ 180 c00 ft-lb = 460.000 ft-lb, tending 
{down on the right of Rs at joint 6 and to lift it up on the left, 
4st be resisted by the moment of the reaction X,, which has an 
ividling 460 000 ft-lb by 24 ft, x9 230 Ib results as the reaction 
requires a downward forer of this magnitude to maintain the 
tums. As the support at 6 must resist this downward pull 2¢ 
Gani equal the sust of the loads plus the pull Ry, oF 4§ 000 Ib 











to 19 250 Ibequal to Ry 
dawn, and which locates the 
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® Determination of Wind-Load Stresses 


fads. Thus (or the stresses due to yERTICAL LOADS only have been 
the pressure of the wrxp being combined with the DEAD LOAD and: 
is acting vertically, For 7RANGULAR and Foe rxvesis this 
ifficiently accurate, as the wind-pressure never causes a maximum. 
bss of that obtained by the method explained in connection with the 
Amples. For Trossks Wim CURVED CHORDS and in fact for almost 
STEKL TROSSES except those of the Fixx and yan cyves, it is not 
ider wind-pressure as acting vertically, because. the wind acts gen- 
Irection at right-angles to the roof-surface, and upon but one side of 
given time, thus loading the truss unsymmetrically and often caus- 
of an opposite kind from those produced by a vertical loading. 
ib are inactive under a vertical load may therefore be necessary to 
free of the wind, or the total stress due to wind and yertical load 
fay be greater than it would be if the wind-pressure were considered 
Ltead. To design a roof-truss correctly, therefore, it is necessary 
Othe stresses due to VEKnCAL LoxDs and WIND-LOADS separately 
‘nbine them so as to get the GREATEST stREss that may be produced 
webable conditions. 
Dhords. In the calculation of trusses with cyrven cnonns it is 
factice to find the stresses for the following different loadings and 
le them to obtain-the maximum stress: Stresses Que to the wind on 
the truss nearer the expansion-end; stresses duc to the wind om the 
Pass nearer the fixed end; stresses due to the permanent dead load 
to stow coVering the entire roof or only one-half of the roof; and, 
jy stresses dite to snow covering only a small area of the roof on one 














@ Snow, It is generally assumed! that the maximum wind-pressure 
Joad can pot act on the same half of the truss at the samme time. 
‘vith straight rafters it will gencrally be sufficient to find the stremses 
bumanent dead load, and to the wind from both directions, disrezard- 
foal when the pitch of the reof i 4s" oF greater, For the Northern 
[ithe pitch is less than 30°, it is well to consider that a heavy sleet 
woth. sides of the rool at the time of a heavy wind and to add about 
[tof roof-surface to the dead load to allow for it. In localities where 
lialls may be expected, the stresses due to the full snow-load should 
{d, a8 these combined with the permanent dead load may exceed 
dead load, shoot and wind-pressure, 
‘eas-Dingrams, These are affected by the manner in which the truss 
If both ends of the truss are fixed, the wren-eEActions ate paral: 
fuhlant wind-load; if one end is {tce to mave horizontally, that ks, 
foe supported on & Rock®, the reaction at the roller-end is vertical 
ithe fixed end inelincd. “if one end be fixed and the other merely 
pea a smooth 1kox rate, the reaction at the free end may have & 
peapavent equal to the Vertical component multiplied by the conrer- 
lenox, which is about one-third.” 
id Free Ends of Trusses. Wooden trusses may be considered 93 
Heads STEEL TRUSSES, when supported on masonry walls, should 
Wd Prxen and the other ya¥x. to move; and when the span exceeds 
fe end afoakl he ayyorted on xorsees to permit of expansion of 
Sthem steel trowes are supported by steel colunms, ax in steel mille 
trases are Riemer uTrAcieD to the columns and-no provision 




















the greater reaction being at Jolat 1. ‘The sum of the reac 
sum of the loads. "To find the reactions graphically, draw 
at any angle, say from jo" fo 45", and measure off a distance 


first draw the load-line ae equal to the sum of the Joaals, kn this 
perpendicular to the rafter rs, and divide It so that oe ix ecyual 
at joint 1, 00 is the supporting force, ad is soo Tb and Af amd fo 
respectively to BF and FO, intersecting at f. ‘The external 


act In the direction oa, a8, Bf and 
fn tension, At joint 2 the stress-lines are . 
stress-lines at joint 3 are of, fe, git and Avg. wt joint ay os 
Joint 5, id, de, e& and Ai. If the load-line has been 6 
the stress-lines have been drawn exaciles yarallel 
Aewill fall vertically abowe tee pela. 

ko. As the figure must core oy = 
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he trusedlagram cannot be represented, and therefore there can be 
{his member when the wind is from the loft. At joint 7 the reaction 
acting up, and ok and he must close the figure, showing that the line 
tthe stress in the entire length of the right exfter, and that thero is 
the bracing on that side of the truss when the wind is from the left. 
ver, either the lower chord or the rafter is not straight, some of the 
let-side come Into action, By noting the character of the strestes in 
is seen that the different members of the truss have the same kind 
is produced by vertical loads. As the wind may blow from either 
fs ewident that both sides of the truss must be made alike. This 
ftrates the mothod of drawing the stress-diagram for any truss with 
fter when both ends of the truss are fixed, 

{ Rollers. Rxample 32. When one end of the truss is ree To 
faction at that end must always be practically vertical, and this 
es a considerable variation of stress when the wind is on different 
fool; so that it is necessary to draw two wind-stress diagrams, one 





wh 
“Triangular Truss. ‘Trussdiagram and Stres-diagram, Wind Left 


(OM THe Lert, marked W.L, and one for Winn FRoat THE miGHT, 
It is cmstomary with authors when writing on this subject 
t the xortees are always under the right-hand support, and thi 
Wowed here. In practice the xotiees may be placed under either 
iédes of the truss are usually proportioned to the maximum stresses. 
imple we will take the same truss-dingram that was used in Fig. 49, 
(again in Fig. 50, which is drawn to show WIND FROM THE LEFT. 
padsline r-8 and divide it at X’, as in example 31. Draw a line ae, 
F to the rafter and equal to 1-8 in length, and divide it Into two 
the same proportions. Through x’ on ge draw a horizontal line, 
ea vertical line, the two intersecting at ©. Then eo represents the 
Hon at joint 7 and o@ the reaction at joint 1. The stresslines at 
ta, eb equal to 500 lb, 4/ and fo. At joint 2: fb, be, egand ef. The 
the diagram Wt. Is completed exactly as described for Fig. 494, 
Brence between the two being the location of point a, which gives 
pases in the bottom chord for the truss of Fig. 50, Fig. 51 represents 
fe with wove xxow mer xscwr. To draw the stress-diagram W.R, 
perpendicular to the rafter xad equal to the total load, 3 000 Th, 
ate inte two segments of Use same proportions as the segments 


A 
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Wig. 51. Trlangular Truss. “Truse-diagraim anal Stress-diagnsn, ¥ 


ke, ed, di and ét, If the diagrams have been correctly drawn ) 
fall vertically above the point &. On comparing the two ilisg 
and W.R. it is seen that the stress-lines for the rafters aid bracne 
Jenygth and that the stresses are of the sate character in both, bu} 
in the bottom chord is considerably Jess when the wind & from ¢ 
condition does not apply to all trusses, however, so that Sata 
two stross-diagrams for wind from both directions. 

Queen Truss. Example 33. Fig. 62 represents the tlie! 
‘TxUSS for a rool having a rise of 144 in In xa in. As the tras 
supports are considered fixed. Joint 2 divides the rafter into ® 
consequently the wind-load at this joing is twice that at Join 
convenlence iti asmed that the wit at joint 2is x — 
and 4, $00 Ib, ‘The resultant is 7.000: einen 
the tie-beam ut X, To find the supporting forens, draw the Ey 
2000 Ib and consiect 7 and 8. From X draw a fine pavrnlbel to 4 
iS at X', Then 8-X" is R, or the supporting force #t joint +) 
the supporting force ut joint 7. Begin the strosvdiagram (Pie, 8 
the line adat right-angles to the rafter 24, eel t 
By means of dividors locate the point 0 9 that og equals S=N',_ 
ines for joint rare oa, 2b, be and eo; at joint 2, 6 AM. 
eS, Sh ean hos, snl Ping Ms Heady Sea Stes fo 

at joint 4 wi Hot dl aniwixsa Vive Torewoe <a) 
eens gyena ts uh by sate wataantah nm prem 
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PREN-RoD TRUSS, therefore, requires braces in the middle panel 
(estress. With the wind from the right, a brace is required from 
» At joint 5 the stres+lines are oh, Ak, AL and te. It should bo 
kets towards the joint, showing that LO is in, compression. At 





Queen Truss. ‘Truss-dingram Fig. 624. Queen Truss. Stress 
diagram, Wind Left 


fm as though this could not be true, but if we slance at joint 7 
‘thrusting in on the joint, and that a strut is required to keep 
ition. ‘This condition is true only when the inclination of the 
than 4s". When the iasclination of the rafter is exmetly 45° 






ee | 


-—-- oe. 


lagram. (See, also, Fig, 3, 12 and ‘4 and Chapter 
XXVIT, Pie. 1) 


Tow Trusdi 


tia £0; dnd when the Inclination is less than 45°, LO Is in ten- 
Welines: for Joint 6 are At, Ad and ai. If no errors are made, a 
tate! to 26 pewes through the polat 4, previousty obtained, A 
er le heating the poise A"; oF la drawing the stress-<tiagram, 
" 





however, causes the line throisgh | 
and if this bappens, it shows that there 
In practice, a slight di 
‘the sides of the stt 
drawn. 
Combination of Stresses, Example x4. Foe the 
the —_ pak conkay siay yn 


truss shown in Fig. 3. ‘The stresses first determined are those 
‘of the roof and ceiling and to an allowance of 16 Bt per. 
page toss the roof-area supported at joint = was found to be 
joint 3, 20059 ft. On page soss the weight ofthe ool was 
per sq ft, and allowing 10 Ib for 
load under a heavy wind, This 
for the load at joint 5. The ceiling-loads will, of conse, ethos 
Pig. 63 shows the loads due to weight of materials 

the 


stresses indicated by figures. ‘This diagram is drawn are 5 u 
as the stresi-diagtam in Fi 

Wind-Stresses. The inclination of chaviod Seater 
IX, page 1053, the normal wind-pressure: beheld n 7 
plying the rool-area at joints 2 and 3 by 28, 
are obtained, The wind-load at Sake i pe must mat Be Goat 
supported at this joint, allowing 17 in for eave-projection es 
or 95 9q ft, which makes the wind-load 2 660 Ib. peed 
point at which the resultant of these loads cuts the rafter. 
hot symmetrical or uniform on the rafter, the point throueh whieh 
acts must be determined by means of moments about joint r. 
Joads at joints 2 and 4 are figured on the t 
ae 5 


4140 IbX Malt 98985 ftth 


‘santo VOIN Ven ae Kall 
a 


"De warn of be encentn WAR Tag! 
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sum of all the loads, or 12 4oo1b, and the distance of its point 
44 is found by dividing the sum of the moments by the result» 
$5 ft-lb divided by 12 400 Ib 1.4 it. Measuring off 114 ft 
Joint x and drawing a line at right-angles to it intersecting the 
\t X is determined. From 1 the line ¢-8 is drawn at any 
length to the sum of the loads, 12 400 Ib, and 7-8 is drawn, 
Irawn parallel to 7-3, intersecting 1-8 at X", Then 8-X%is 
tg force at joint 1 and X'=1 is Ry or the supporting force at 


ts Computed by Moments. The supporting forces may also 
foments. The moments of the loads about joint 1 tend to 
fom left to right. ‘To prevent this rotation there ix the 
porting force Rs acting at joint 7 to rotate the truss from right 
ale equilibrium, the moment of Ry about joint r must just 
the moments of the loads about the sime point, ‘This sum 
(be tat 285 ft-lb, “The arm of Ry is the perpendicular distance 
wetion and joint 1. Continuing Rs above the truss until it 
of Hine at P, tho distance from : to P is 26.9 ft. Knowing 
‘of R: is obtained by dividing the 
‘fats of the loads, 141 185, by the 
This gives 5 344 Ib. As the sum 
t equal the total load, Ry equals 
Th, or 7 056 Ib. The distance 
wld scale reasonably close to these 
the supporting forces, the stress 
is drawn exactly as described for 
* inclination of the rafters is a 
4s”, OE is in compression, but 
small. The figures on Fig. 544 
es in pounds. The stresses may 
elisha beverranget va tu the following table. In 
d-atresses, it should be remembered that the wind may blow 
of the truss, and the greatest stress liable to occur should be 








‘Stresses for the Trusses Shown in Figs. 12, 53 and 54 


hea iets Winders | Total a | 
| 

















‘Trusses with Knee-Braces wiz 


nidway: between the bottom of the knee-brace and the masonry 
jivalent to assuming a rx at this point), and 9 that the top attach- 
those of the knee-braces may be considered as Pm-corNRCTIONS. 
russ and loading shown in Fig, 56, it is clear that the outside forces 
equilibrium, and, unless the points Af and N are unlike in some 





Fig. 50, Truss with Knee-braces.."Trust-diagram 


he resections at these poiuts will be parallel to. the direetion of the 
‘the wind“forces. Lay off to any convenient scale the wind-forces 
fhown in Fig. 558. ‘Then X'¥ is the direction and magnitude of the 
hd-pressute aind olso the direction of A, and Re, ‘The magnitudes 
refolnd by meansof theequilibrium polygon explained on page 1097. 
to SX and Ry to YS. There 
feorrect in direction and mag- 
fe some condition Is Imposed to 
4. If there are no moments at 
id these points are KesTHAINED 
f& vertically, the vertical com- 
fpand Ri must remain constant, 
extreme case where Af may be 
8 yiN-coNNECTION and NV as 
thezes, Any assumption may be: 
he magnitudes of the horizontal 
at these points as long as the 
| two equals che sum of the 
dmiponénts of Ky ind Ry. It is 
jo assume these as equal. In 
reactions at Mand Ware TX and VT, respectively. ‘The next step 
[effect ol theie reactions at the points O, Q, / and R. ‘The vertical 
Vy and Vs act as vertical forces at O usil ?. ‘The horizontal com- 
hice bending momentsxt acd /, and, & effert, horizontal forees 
nd.déD Thine the felt eolumu, ube $ 100 Ib acting towards the left 
Pe enone to the kt shoot prevented by the Joints at O and Q, 





h oa 









55a. ‘Truss with Koce-braces: 
Force-polygon 











Fig. 57. Truss with Knee-draces. Strem-diagram 


is produced, acting from right to left. These forces are shown in 
combined with those shown in Fig. 66 they give the Jorces act 
and P which are used in constructing the stress-diagram shown 


8. Arched Trusses 


An Arched Truss is one which has the ToRM OF AX Amc eed 
Supported at the ends that the reactions produced by Mees " 
This is usually accomplished by placing PeN-commecrions at the & 
providing ROLLERS at one end to permit horizontal movement, 


members of an anciten TRUSS is. read 
given in the previous examples, 
Arched Truss with, Dees 
i alk Gh a NACIED “TRO 
_ ‘anh Simonsen ch & \ruse Na Non Vie Sv 
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impany, Chicago, TIl, It is discussed in the Engineering News of 
© The loading shown is symmetrical about the middle of the 
‘e each reaction equals one-half the total load. Fig. 58a shows 






eT 





(658, Live Stock Pavilion, Chicago, Ill, ‘Trusediagram 





| Live Stock Pavilion, Chicago, Ill, Stress-diagram for Truss 


am for one-half of the truss. ‘The stresses upon the riht of the 
same as those upon the left 

TAL neetacriow of this trwse is measured by the movement of 
| Thismorement & compared in the manaer explained for the 
Wes r0te7, by the formuls D=S(Sul +48). Where D isthe 
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9% Trussed Arches 


massed Arches. ‘The timex-inxarp Ancr is the simplest 
hem, and, as used in buildings, it is usually symmetrical in 
feo trusses connected by a pin over the middle of the span and 
cach support. The stresses in the truss-members are found 
ipbical methods after the reactions have been determined, 





Fig 89. Three-hinged Arch, Trustdiagram 
Fig. 694, Strews-dingram 


cs are Inclined and may be resolved into two components, 
e other horizontal. For symmetrical loading the two reac- 
dagnitude. ‘The vertical components are each equal to one= 
ding. The doviwontel axnponents are equal in magnitude 
meter. The follawing examples illustrate the methods to 
Wramiaation of the stresies. 





1122 Stresses in Ry 


Trussed Three-hinged Arch. Fig. 59 shos 
qumeas maa npoes seca Wil «Neve ed eee pa 
i for this toning; but before 8 


mined. The vertical reaction is (7 X t 000) 4+ $00 7 $00 Ib oF 
tieal load. The horizontal component or the MORIZONTAL 7 
may be found by moments. The center of moments will be 


Fig. 60, Liberal Arts Building, Chicago, 10. ‘Truspllagram 
Fig. 004, Strestdingraam ‘ 


pin at the crown as at this point the moment is zero. “The equation 

bs By X 72.5 + 1 000 (5.25 + 16.25 4 27:9§-+ 3825+ 49.95 + Ooase 
+ 500 K 82.25 — 7 500 78.95 = 6, 

or H, = 281 790+ 72g 5 886 Ib 


Having deterring’ Vand fl, the strewediagram shown in Fig. 6k 
really enstracich, ‘inc: ths ach erm Seana 


one-half Une strewediagram, Wh She tabhn ath 


place @ horwontal force: anita. gh 
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tiz0NtAL Titeust 2, since, for equilibrium, the algebrale sum 
| forces Is zero. 

te-hinged Arch. Example 37. Fig, 60 represents one-hall of 
faniwckD Axct used in the Liberal Arts Building of the Colum- 
Chicago, II, 1895. (See Engineering Record, July 9, 1892.) 
tress-diagram for the loading shown in Fig. 60. 

of Stresses. In Examples ys and 36 only the effect of vertical 
tonsidered, Whore T1REX-HINGKD ARCHES are employed they 
1 to carry dead, snow and wind-loads. ‘The dead and snow- 





+ Sth Regiment Armory, Baltimore, Md. Trust-diagram 
Vig. 614, Stress-diagram 


Joadls but the snow-load is not symmetrical in all cases, The 
ily considered as acting normal to the roof. In order to be 
kimum stresses are obtained, the stresses for the following con» 

must be found and combined. 

D Loan only, 

w-toan covering Ait Aalf of rool, 

peee covering ees pee of sant 

taupe. worme! to toot on left 
(ane a tof ti, 








. 


Vig. Oto, hh Regina haweey Rae AAR 





Usltimore, Md, Stresv-dingram 


Fig. 810. Sth Regiment Armory, 
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‘the above conditions of loading are to be found for one-half 

wmbining the streses those which occur at the same time are 

ermining maximums. Many engineers do not consider snow 

iting on the same portion of the roof simultaneously. 

@-hinged Arch. Example 38. Fig. 61 shows one-half of a 

HNGxD AncH with the dead, snow and wind-loads indicated a! 

echoed joints. ‘This form of teuss supports the rool of the 

tmory, Baltimore, Md., described in the Engineering Record 
‘The stresses for the loadings specified above will be deter- 

he shown haw these are to be combined. 

tases. The reactions are obtained by the method used in 
77 900 Ib and Hy $2000 1b, Fig. G14 is the stress-dingram 

hown in Fig. 61. 

Half of Span. Assuming that the snow covers the portion of 

«Fig. 61 and taking the center of moments at the middle pin, 

ents that ¥; is equal to 26 700 Ib and J, is equal to x5 600 Ib. 

fuppart the stress-dingram shown in Fig. Olu is readily drawn, 

Halt of Span. With the snow on the right of the crown, the 

tan shown in Fig, 61 is inloaded, ‘The total snow-load is 

has just been found that the vertical reaction at the support 

bading is 26700 1b; hence tho. vertical reaction at the other 

leas 26 7o0 tb or 14 s00 Ib or Vi for the case considered. Since 

middle pin is zero, , (half the span) less 21, (rise of the arch) 

($00 95.16 — Il) X 92.0 0; and 

146) + 92 = 15 000 Ib which is the 

ove. As before, beginning at the 

stressdiagram is constructed as 

Entire Span. The algebraic sum 

ind from the twe cases above for 

five the stresses produced by « 

'g the entire span. 

Left of Crown. Here no two of 

el, Seed somes increases the + 

te reactions. ese may be com= 3; = 


fats, but a graphical method is moet 


imlent. The direction and mi Fig Ole. sth yes 


tant of the wind-forces are flest 
{ Asahown in Fig, G1e, the wind- My” alimors Md. Force: 


fnerder. ‘Then 3-13 4s the direc» 

deof the resultant. Next, from any point O deaw the strings 
‘Jeonstruct the equilibrium polygon shown in Fig. 610, begin 
‘string Sj from A, and so on watil string Sy cats the line BC 
he middle pin and the pin at the right support. This is the 
taction at the right support. In Fig. 618, from £3 draw a line 
from O a Kine parallel to So in Fig. 610, and prolong them until 
Then 13 is the reaction at A and 13-1 that at the right support. 
into. wertical and horisontal components, Vs equals 23 400 Th, 
Th, Fs oquals 38-000 lb andl Hs equals 28 Goo lb. Fig: 61? shows 
» from the keft rapport up to the crown. , 

Nett of Crown. Since the resection at A, Fig. 819, produced 
Wax chrouch the hinges, or pins 4 and C, the stres apron 








ly n in F 
and Hy will be 18 coo tb and 18.600 Ib 
‘rect proportion to the stretsen fool fea Ig! 
is not necessary, 





ae 


'Pig. G17. Sth Regiment Armory, Baltimore, Md. Streadagram 

















Combination of Stresses. ‘The maximum stresses may now be 
To illustrate the method, consider the lower chon £=57. 





(a) Deap-toan stress, +2210 
(b) Sow on left of crown, = 140 
(©) Sxow on right of crown, +5780 
(@) Wixp-t0db on left of crown, = gi 600 


(e) Wixn-toxo on right of crown, 46.920 | 
{) Sxow over all, +3599 | 
‘Total stress without wind, +5990 ; 
(a) + (6), +0 
+ @), = 9800 


‘The maximum stresses dre 69 coo Ib compression nid 9 geo Ib 
ing that the wind and snow-loads aro not considered to act on 
the crown. If no such restriction is made, the maximum streses are! 
compression and 23 800 Ib tension, In a like manner the maximam’ 
each member of tho truss is determined. Tables XEX and XX 
maw srmess for the members shows in Fig. OL: 

Stress-Dingrams for Three-hinged Arches, The ps 
above cases are very difficult to construct owing to pd i us 
and the difficulty in drawing them exactly parallel to the lines ef 
Gingrum. One or wore members should be computed as a check on! 
{eal work. 

Three-hinged Arch with Tie-Rak. "Cen verechoustiont 
ing the enieypina of a TuaRee mS Nutt and Wasim, we 









‘Trussed Arches 27 


tnges the ancit into a siurte TRUSS composed of three members, 
\fvers and a horizontal tie. Under vertical loading, the suppert- 
vertical, but for wind-loads the supporting force at the end with- 
clined, The stresses in the truss-members are the same as found 
THRER-MINGED ARCH. ‘The stress in the the-rod equals the horl- 
found above at the roller-end for the given loading, The support 
id Is designed for vertical forces only, while the support at the other 
Wt the vertical reaction and the total horizontal component of the 
in the etructure, or for roofs the horizontal component of the wind- 
Js very much smaller than the horizontal force which must be 
‘the structure fs without a tle-rod or a true TrKKK-<INOED ARCH, 


Table XIX, Three-hinged Arch. Chord-Stresses 
































‘Thousand pounds 

Wind | Wind | Max. stremme 

rant ar | Seow | on left |on right 

dent ot) overall | of | of 
ree | the oof | crown, |erowa.* 
| Pig. 61F Pig. 6ic 
| 

35.2 | + 508 
63 = 7 | Hs 
18.7 = a4 | ag 
me = Guz | 268 
mal - 75 | as 
ies = a1 | 470 
66 - a6 | Shy 
be - ace | 67 
Ba = By | Bs 
37 = sit | qha 
BA - wt | m6 
aa] + 2 | 6s 
187 + | 420 
a8 + 06 
8 + iio 
ae + 95.| 0 
Ba + mo | 9% 
na + an | ra54 
te t 15.5 || 16s 
84 + 96.6) 67 | 106 
ea +102 9) a0 
62 “+101. 5} 236 
fae | ' | 206.7 
acs | + | 194.3 
es + | 198.6 
7 + i 
ws} + 12310 
4 “ | x26 








* By proportion, 18 Goo : ts 090. 


fidno Rollers. If the xoreres are omitted and a r«-RoD Is used, 
le Gienad andl che reactions are indeterminate. They depend upon 
(ities of the tiered and the material composing the supports. 
imac very Leavy so that its stretch will be very small when, 













es 


Table XX. Three-hinged Arch. Web-Stresses 


fist 
prepesees 
Shaoe= 


ee eee 
ba 


















of a TRUE THRERWINGED ARCH, or one with a 
5 the change in geometrical shape Is quite small, For 
and no rollers, the effect of changes in npr! 


















forces if the tie-rod is not so protected that it will pres be 
‘average temperature. In most structures this fs the cake a8 the 
under the floor of the building, o 


‘The Two-hinged Arch differs essentially in construction from 
nixGkD ARCK in having only two pins or hinges which are placed 
Fig, 62 shows the form of truss which will be used in z 
finding the stresses in the members of the truss. 


Supporting Forces. The surrourins rouces are 
solved tinto wertveal ww as 
readily found ws they sare he aan a Ket 


oe RELA 
horizontal components Geyend wun Sa eee awn 






OW ELABTIOrTY, When Wie 
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jontal Thrust for Vertical Loads. This can be found from the formula 


Sub gh itt 

ed Day ii y aE 
te symbols have the significance given on page 1086, But this contains 
town area A foreach piece, For 4 preliminary trial the procedure is as 
In the truss shows in Fig. 62, divide the span into twenty equal parts 
hevcenters of the divisions erect verticals. Through the points on these 
(midway between the chords of the truss, draw a smooth curve as shown. 
fwill be designated the axis OF tum Axcit. Number the polats desig- 

















Ore, 7, 2) 4, ete, as shown in Fig. 62, and let x and y be their codedi- 
th the left support as the origin. Scale the length of the curve between 
tes of the divisions so that y is practically the ordinate of the center of 
Jength of curve, and call this length of the curve dr, On a radial line 
jolnt numbered 1, 2, 3, etc! teale the distances between the upper and 
eds, calling the distance A and compute 44 ht = J, which expresses, 
lately, the MOMENT OF LWeKTIA of the section when the choml-areag 
faod the web-members are neglected. Let Mf represent the ENDUSS 
at any point having the abacissa x, of the lo considering the truss as 
beamn.on two supports; or, for a single load 2, Mw Ram I (e— ahs 
{neater than a, where @ ls the distance of the load P from the left supe 
hen if 85 + EY is presented! hy’ the worizoxTat, suetist can be found 
Kotz tilde 











Hy EM + EV 
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has no hinges and is a type which is seldom employed by 
tus-form, The rigid analysis of a TRUssED roceD ARctt is 
us, 20 a fow formulas will be given, necessary for the solution 
lap wens, such as PLATE-CreDER ARCHES, These formulas 
truss-forms, where the chords are approximately parallel, 
or. Midway between the top and bottom chords draw a 
I the ancut-axts, and designate the distance between its ends 
PTE Axis. Divide the span into m equal parts and at the 
visions draw peependiculars until they cut the arch-axis, 





Fig. 63. Fixed Arch. ‘Truss-diagram 


f, % §, etc, as shown by Fig. 63, which also indicates the 
owed. 

M, Vi wad My. The equilibrium-polygon for a single 
vo in Fig. 63, in its teue position with reference to the arch 
the point of application of Jf). The following formulas are 
yations for arches having a rise greater than one-eighth the 





{y= Smad” + Syd” 











wexsy—2k ot 
=Kby IK Rea 

ZyK_ (ZmeK | Emak (e— 0) } 
}- 28 " 
» Hen — Fi Hy 
fee tna, 


{from A wheir Hy} ie negative. Eis the sum of quantities 
paint on the arch-xis numbered 2, 2, J++ +m For 


bee (2) (2) ne [E 
(ah lah (a)r« 











1132 Stresses in 'R 


1 As the moment of inertia of the chords about sn as rik 
"To secoan ol he chordsare tobe taken ora 










St) i 
Fig. G4. Fixed Arch. Reactions 





upper-chord joint as shown. The tw 
are found by moments. The streso-di 
these forces and proceeding until the right is reached. 

Symmetrical Loading, When the loading is symmetrical, Jove 
hence Vi= ry. Also P 











Changes of Temperature, “For temperatiine-chariges, 
Ny= lL + Zya" 
2yK 


Hy, = Hone Be 





2E ime 
10, Arches with Solid Riba 
Arches with Golld Ribs. WhilZ thik chapter cubalders Tera 
ay Hot be out oh place \o lwushy conser ANRC SO 


computations {or V5, Ty and Rs, xem: a 
Aihe rrment ok uservin. LN EAA Sas GA ay 
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es. Tf and » are the oodrdinates of any point on the gravity~ 
b, which should coincide with the arch-axis, the bending moment 
Is for eack toad, 


>a s>a 
Me= Hy + Vie—Hy — Pe =a) = 0-0) 
ve when y; is measured below 4 in Fig. 64. 
Msc 


i 
t digtanice from the gravity-axis to the outermost fiber. For the 
EeNoED AnctES, Dy = 0. 
ur. Let H, be the algebraic sum of all the horizontal components 
the section, V_ the algebraic sum of all the vertical components 
the section and @ the angle which the radial section, upon which 
tanted, makes with the vertical. Then Tz= Vz cos 0— Hesin 0. 
td Parabolic Arch. If the centes line of the soup sam is. a PAR- 
AT cos @ is a constant, the following simple formulas give the 
(nd 20: 


af 
TAH OF kab 


LP IR(k— 2+ k))-@ {s—His—s—2+ 44-200} 


Bie 


++ E (Fig. 63), f is the rise of the axis, P is the vertical load acting 
horizontal load acting from left to right and Jy ts the moment of 
section of the rib at the crown. 


‘bolic Arch. In like manner the following formulas apply for 
ut hinges: 


(Pa~ nats) ou-HF 
AEE pied frt i ~ 15+ 50k— GoM+ 244%) 
Epa(s= 0 (sh—2)=/0[28 == 744849} 


if =iip 
Behe Horm S ble 


the factors containing & in the above formulas are given {n tabular 

tatise on Arches* 

ehes, with solid ribs of constant cross-section and the centet Tine 
fre, may be considered by using formulas somewhat similar to 
OF PARANOLIC AucES but Vory mich longer and more complex. 
tables for their solution are given fx the treatise on arches relerred 








| decker by Miverd A, Howe, John Witty & Sons, Toe., New York. 





‘An Influence-Liae is a Une showing the vata 


section of Bee oxo ect Caen Oe 





Tig. 65. Tofluence-lines. Reactions tee Beams 


Reaction for # Single Load. If the low P, Fig, 65, moves fram 44 
B, the left reaction, when P is distant x from B, is expeessed algebest 
R= Pst L, whe: Aa a Une. Hrwo hs 
Hen L, Re If we make ac = P and draw the two straight Sees a 
the ondate de immediataly below Pie the'volee of i for i pat 
If acm unity, then Ry» P (de). 





Fig. 67, Tofluence-tines. Moments for Beams 


Reaction for More than One Load. The reaction for any 
concentrated loads can be found as shown in Fig: 68. j 


— Pits + Pont Pmt Pate 
Bending Moment tore Side La "Doe nama Cig, 
is om the Fight of Cis M= Ram —- “Shen See eath 


Tnfluence-Lines for Simple Beams and Trusses N35 


t B) M=o. For all positions of P upon the left of C, M= Rb 
PL When 2 is at 4, A= 0, and when at C, if = PLoS 


If in Fig. 67 the figure ng is drawn with fe= 7", then the 
for any load in any position is P (de). 

Moment for Any Number of Concentrated Loads. The 
the point C for the loading shown in Fig. 08 is M = Py, + Pros 


a? 









1 
' 
1 
1 


Sas 


Fig. 68 Influence-lines. Moments for Beams 


4. ‘This gives the moment at C for a given position of the loads, 
bt necessarily the orraTEsT Mourxy which these loads may cause, 
tf pesition may couse a greater moment. The greatest moment at 
when some concentration is at C. Let be this concenteation and 


Uy Usp Us Us 





Fig. 69. Influence-lines. Moments for Trusses 


be divided inte two parts. n? and mP so that a+ m= 1, and «ls 
zero and less than 1. The maximum moment at C will occur when 


Pit Pst Pat Pe Prt nPs 
E a 


in the beam where avy given moving load causes the GREATEST 
(en Is so situated that the middle of the span is half-way between 
tater af enevity’ of the lost. Stace concentration will always be 
ie tow triaks will determine the proper concentration to use, For 
(weal evocentrsted loads shouk! be placed on the beam sp that 









and Us is precisely the same as shown in ¥ 

iy iy ad PA cheeses 

of the Inclination of the diagonals oF the eban-toeraber. 
Chord-Members in Truss with Inclined Web-Members. 

at points in the loaded etiard, Hig. 70, have i 





Pig. 71, Influence-lines. Shear for Trusses 


that shown by Fig. 69. For the unloaded chord a slight modifeatien 

made. For example let Uy be a center of moments, ther if the loads) 

beams mon would be the Dor CE Shea Gab 
tof L, and on the right of Za the diagram Is.comrect aad i 

= Pua and Pra. For loads between La and) a tea the ing pT 

at Uris Pann. ~ 


‘Web-Members of Travues wits Parsi Gaeta 


in Vola equals tne theat a Yee pane | 
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tacRAs will be drawn for the shear. For any load between Ls 
ear in this panel equals Ay; hence, with ab as a reference-line, ba’ 
tce-tsve for Rs and the shear is Puss, Pos, etc, until the point Ly 
In like manner of is the r¥vivexcr-Lrxe for | and the shear for 
left of Ls is Py). The shear for the loads Ps between, Le and Le 
umount of Py which is transferred to Ls. ‘The TerLvENCe-DIAGRAM 
ons of Ps on a span LsLs s'ff'e. ‘The shear in this panel due to Ps 
Ps (@’c) or Piet A load at & produces no shear in the panel, 





resist. The methods employed and the ALLOWABLE UNITE 4 
Chapters XI to XVI, inclusive, For example, 
at on pom as eles Pepe | 
and 572; and wooden strut-beams and the-beams om page Oxy As) 
‘of convenience the UN stkess#3 used in this chapter are given in tht) 
table In a condensed form. White pine is here used for the wooden 


Table I. Allowable Unit Stresses Used in Truss-Desiga* 













‘Compression across the grain, round pins 

Columns under rs dimmu Song. 
-« | Shear with the grain 
*  cescony | Shear acrost ther gral 
| ‘Transverse. fiberstress. 
Bolts in tersion., 
Bolts in shear 





Holts im shear 5 
Bolts in bearing. .. 
Bolts in bending, Riberatress 
Beams in bending, fiber-strens. 
Beams in shear... 

















~S888RCS4E 





* These must be modified, when necessary to witb haben Jor | 
ts want foe the eeamlas ie chapter beans ol te Se 


owing to the relative softness of the wood. 1 ne ee 






have no trouble with the design of trumes constructed with is 
1 See, abo, Table J, page 449, and Table XVI, page 647+ - 


Inclined Surlates of Hood. “re wormed Senaniioy 9 the 
clined surtaces sary Wve fevond Luoma Yor exmepaeal 


pera OOle 


Design of Wooden Trusses 1139 


ibs the permissible normal unit stress on this inclined surface, @ 
tesfibers, § that on the end of the fibers and @ the angle the inclined 
with the direction of the grain. For white pine this gives 

r= 200+0%/9 


‘ps on End-Fibers.* For all practical purposes the permissible 
ay be taken as the mean of p and g; or, for white pine 
44 (9+ 9) = Gso th por aq in 
Solumns over Fifteen Diameters Long. The formula used in 
and considered amply conservative by many engineers is the 
loved by the American Railway Engineering and Maintenance of 
Hon in 1907. Por white pine this formula is 
Sim S (1 =1/60d) = 1100 (1 = I/60d) 


de permissible unit stress, = the permissible compression on the 
‘= the length of the column in inches and d the least dimension of 
fom of the column in inches. 

amas. For the shapes used in roof-trusses, the formula advocated 
ler in his specifications for roof-trusses is used in this chapter: 











Sim 1209 seoi/r 


te permissible unit stress, f= the length of the column In feet, and 
radius of gyration of the cross-section of the column, 

| The truss shown in Fig. 1, which is the queen truss shown in 
@ and 64 in Chapter XXVII, is considered for this example, The 
tin the following table are used. ‘The members RR are wrought- 
‘ods, not upset at the ends; and all other members are of white 
‘of the members in this truss is subject to transverse stress, 60 
rand compresiion only, have to be considered: 





Stresses and Dimensions for the Truss Shown In Figure 2 








& Stress in pounds | Dimensions 
ta 10 6 by Gin white pine 
+418 yoo 6 by €in white pine 
4443 300 6 by Gin white pine 
+ 64s 4 by Gin white pine 
+p 5x00 aby Gin white pine 
yy sel 6 by &in white pine oF 
} Three 2 by Sin pieces with 34-in bolts, 
2 {ton centers 


pase 





= $410 | One r¥4-in round rod 





@s, Fig. 1. ‘The tension in each rod is $ 4x0 Ib, If the permis- 
12 950 Jb, the section-area of each rod is 8 410 + 12 00 = 0.70.89 in. 
bfa th4in rod is 0.694 sq in; and of a r\4-in rod, 0.893 sqin, The 
luld answer but the 1!4-in rod is preferred: 


tamer cont stremes are see! for Meat xed carved satlaces, Tal 

ee AU wony fre cosh be VIE a 

meer and Zales fuse! gpon them, see Chapter X: 
Teapter XIV, pages 449 t0 452, 








Design of Wooden Trusses it 


ited together by » pair of bolts every 2 ft of thelr length. If 24 
fhgths are used, the joints of the strands will be about 10 ft apart. 

For this example the truss illustrated in Fig. 2, which is the 
shown in Figs 4 and 24, Chapter XXVIT, is considered. The 
for dead load, wind and snow were found in Chapter XXVII and 
the following tible, The rafters and the bottom chord support 








f Sehuors Truss. (See, also, Chapter XXVII, Figs 4 and 24) 

1 the joints and consequently must resist CROSS-MEXDING stresses 
(per staesies, The load on each piece is given in the table under 
iivewse. 


+ Stresses and Dimensions for the Trust Shown in Figure % 














] - 
= Streas, Ib Transat | Dimendlons, white pine | 

48 00 1000 ‘Two 2 by #in planks 
+4%<0 tu | Twoa by Sin planks 
+1 pe ‘ One 2 by tein planic 
+ 77 | One a by 1¢in plank 
—1 7 | | ‘Two 1 by Sin planks 
<3 |} ‘Two t by Sin planks 
=i hs ” | One 2 by 10in plank 
75m a | One a by to-dn plane 

tis. | | One 2 bey eoim plocrtle 








Vig. 2) The pitwe 4 rather than the piece A is considered, as it is 
bance: The tote! vertical foad on the piece acting as 4 beim is 
(Aeriecntal pan isabour sit. The bendiog moment at the center 








Design of Wooden ‘Trusses 143 


esses are shown in Fig. 4. The figures preceded by the letter 
ransverie leading of the pieces. 

Pig. $. These arc assumed to be wrought iron and not upset. 
\ag2 Ib (Fig-4), using the anit stress r2 020 lb per sq in, the net 
tired is 1.16 sq in, which is provided by a xl4-in rod (Table I, 
the stress 5 S04, the net section-area required is 0.48 sq in, which 
rin rod. . The stress in the middle rod is so small that the rod 





TOT — 2x10" goon centers 








ae 
ef — a 





ew 10 008 
Howe-truss Diagram, Stresses in Truss Shown in Fig. 3 


ttle over S4-In in diameter. This would appear light so a M- 





& 3. As this is to be uniform in size from end to end, a 
Fconsidered in determining its size, It is assumed that the 
for the transverse load the center moment is $4 (5 705 X TMX1a) 

From the equation, 67 022 = 1¢ (700% to X #0 X 6), the breadth 
the compression, 45260 Ib, the least dimension may be 
as the rafters prevent sine mvckuNe for the unsupported 

‘Then I/d «9.4, S)= + 109 Ib per sq in (note that the piece is 
fiameters long) and the required section-area becomes 59.3 84 in. 
tin, the thickness is 3.95 in. The total thickness of the piece now 
193 ~ 9.67 In; and hence a ro by ro-in pleve may be used. Since 
jection size of & nominal ro by to-in piece is about 9/4 by 9}4 In, 
aber is used and the 12-in dimension is placed vertical. 

Pig. 3. Considering the picce at the middle, with a tensile 
Ib, it Is found that the net area of the cross-section must be 
E the piece is 12\in deep, the thickness is 5.78 in. The bending 
fiddle of the plece produced by the load 1 968 Ib, is }4 (1 968 
igio-th Thix moment sagante a piece rz in deep and 1,28 in 

tome now becumnes $7541.28 7.06 in. To allow for 
femeanry to dncreate this to at least 10 io, making the ma 














Fig. 4A. Purlin-design for Joint 2 
of Truw Shown in Pig. t 


(5 900% 15% 12) 182 790 fn-Ib; 
(1 4ooX #3 12) = 31900 ine, Tt is ass 
‘Thea the fiber-stress at B, dae to the first 


S!'= 6% sy s00/I = 
The total Gher-stross is 996-4 a95 
‘of the permissible fiber-stress in the 
building laws for tong-leaf yellow 
is used the fiber-stress is 986 Ib per 
comes 7io Ib per sq in, 
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le permisaible in good practice is 214 by 2 by M in; and while fin 
tte used, it is better to use 34-in rivets, which are the largest that 
(ine a¥é-in leg of an angle. As in wooden trusses, it is economical 
jaune sizes for all members which are in the same straight line, but 
ibways dono, 

@ > Pig. 5 shows a ran Tevss of the form and dimensions of # truss 
porting the roof of @ machine-shop, The loading is light and con- 








Fig. 5. Fan-truw Diagram with Stresses 
be stresses are quite small in many of the members. Fot conven- 
esses, lengths of compression-members and final sections are arranged 
orm. 


‘Stresses and Dimensions for the Half-Truss Shown in Figure © 





] 

Approsi- | Net area 

1b |, mato | required Make-up of member 
length ly sa fa 











ional 


|| Two 214 by 2 by agin. angles 
Net arva= 1,70 49 in 





"| two als by a4 by Vin angles, 
earepess | and one x0 by M-in plate 


‘Two 244 by 2 by Hein angles 





AD, Vig. $ This member has the maximum stress of the bottom- 
(ts size will be used up to the joint # and possibly for the entire length 
td. The net arer required is 16 900/16 cc = 7.06 sq in, or the net 
af eer ang it acs %) in. One leg of the angle is riveted to the 
with Aika rivets which is assumed to cut out a section 36 in by the 
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bangles (page 367) 2Ko7o— 140 
Be 8 Adi — XY 2.98 (2.52)! = 12.81 
ire séction, im 4722 





section, P= Ar or r= WT/A, hence for this section = V47.23/4.88 

(See Equation (2), page 453.) The distance to the outermost fiber 
lion from the axis Ck is 3.04 in c. ‘There is now sufficient data to 
the actual fiber-stresses due to the loading and also the permissible 
bending moment produced by the transverse load 


AM = 54 (2 090% 6.16 X 12) = 18 480 In Ih 
Sm 30 200/488 + (13 480 X 5.04) /47.22 = § 530 Ib per sq in 
Sy 12 500 — 500 x 6.16/ 3.18 = 1 510 lb per sq in 


fee that the actual fiber-stress is very much smaller than the allow- 
res, butas we have used minimum-size angles and a minimum thick- 
plate, the only way to reduce this section is to use a smaller plate. 
feasible because of the requirements for making proper connections 
& The above analysis assuines that the member is prevented from 
fwise by the roof-covering. If such is not the case, r will have to 
(ed for vertical axis through the center of gravity of the section, 
& the moment of inertia, 
ie Be/t2 = (10 X 0.359/12 = 0026 
les, 2X 070 = 1.400 
as8loz2+o.r25)" = 1.699 












788 = 05 in 

12 500 — 509 X 6.16/08 = 8 Gyo Ib per aq in 

frreater than the value of S, and hence this section fulfills all the re- 
comtidering the unsupported length vertically and sidewbe as 


EF, Fig. Taking two }s by 2 by Min angles with the 24-in 
> back, the least value of ¢ = 0.78 in (Table XVI, page 571). 








Sho 19 900 500 X 19/0.78 = 4 810 Ib per sa in 

$200 4 810 = 1.04 sq In, required. 
pf the two angles used is 2 x 1.08 = 2.12 sq in (Table XVI, page 371). 
CD, Fig. 5. The stress in this member is very stnall and one anglo 
W fulfill the requirements For one angle, 2% by 7 by 4 in, the least 
‘able XI, page 165) and 5) = 5 300 lly per sq ia, Indicating that this 
ke Range excess of strength. As pointed out above, it is bettersto use 


tet-Ratio. The best specifications limit the ratiovof the least dimen- 
insupported length of » compression-member to 56, unless the allow= 
fess ax given by the column-formula is decreased. ‘The member El? 
bp amd about x44 in long, so that its Jength is 57.6 times Its least 
‘As there is a great excess of area, the actual unit stress is much 

fiven by tho formula, 
te ‘The compression-members made up of two angles and designed 
[in the preeedine peracrapls have been considers! as it acting 9% 
Seis chear thit the various parts must be so fastened togother that 
at wi bowkhe: 11 ix the unsupported length of the member 




















Members CE and EM, Pig. 7, are 

Members CD, DF, EF and FO, F vp 
angles with a net area of 3.12 5q 
Members BC, BF and DE, 

tas aio elena | be 
Hein angles, having # section-aree. . 


Member AB, Fig. For tl 
Mon ot'sy foolh co! Coie u 
trial ix made with two s by 3} by! 
separated by a Hin 
the center of gravity of the ty 
is (Pable XI, page 365) 7.78% and i 
in, About a axis the 1 
142 in, ehlch is the Teast radius to & 


* Toeill be notheed that the values elven 
Stee es ee . 
Lyn, thee Trig changes om 

Siguner ol mst eee Sn A 
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prodoced by the 2 scolb load at the center of the member Is 4 
lax 12) = 34.500 in Ib. ‘The section-area of the two nagles is (page 
‘ain. 

S = 23 500/6.10+ (34 500 X 1.61)/'7.78 = 10 990 Ib por sq in 

Si = 14 $00 = (00 X 9,2)/t.42 = 9 260 Ib per oq in 
5 less than 5, it is seen that the angles selected are a little too Hight, 
Fusing angles of greater thickness it will be better to select a larger 
wo 6 by 5% by dein angles are used (page 363) 

S33 $00/6.36-+ (34 500 X 2.04)/12.86 = 8.890 Ib per sqin 

Si = 12 900 = (500 X 9.2)/1.54 = 9.070 Ib per sq in 
fa that there is ample strength and stiffness and that the area is in- 
Fo.76 sq in, Ii two's by 9 by He-in angles had been used, the aren 
fe been increased 0.96 #q in (page 363). ‘The least radius of gyration 
le expression for S, assumes that the angles will be separated by 4-in 
les. EH thicker gumet-plates are usd, the value of r will increase. 
4 Details. ‘The use of uwivoxse «tz for members in the same straight 
(omical and adds rigidity to the truss ‘The angles ean be furnished 
ths of 6o ft and aver, thereby reducing the labor of cutting them and 
fithe number of rivets and the size of the qustet-plates. ‘Fhe portion 
bs AEG shown by Fig. 7 would be completely riveted up in the shops, 
Hy three Joints to be riveted at the building, In general, any truss 
Fone outside dimension not exceeding xo ft, can be shipped by. gail, 
fas the location of the splices. 





3. Joints of Wooden Trusses 


ints of any truss should be proportioned with as much care as is used 
(ning the sizes of the members, so that the truss will be equally strong 
parts. The general principles and methods for designing joints are 
in Chapter X11 and illustrated by examples. ‘To further explain the 
he methods of design of some of the joints for the trusses shown in 
(dS sre added in this chapter, 

[le 4. This is the most important joint in the truss. ‘There are 
fasfor this joint, but only n few of them are Mlustrated. Fig. 8 shows a 
tere yore. The rafter rests in a notch in the bottom chord and is 
tice by One or more rolled-steel bolts. ‘These bolts are perpendicular 
of the miter, and the strewes in them are found graphically by the 
the (Fix. 9) In which ae is perpendicular to the ScAxr-cUT or SEAT of 
The tension in the bolts is found to be 3¢ 250 Ib, and with » permis- 
fe of 16000 Ib per a fn, the net sectlon-area required Is 1.95 sq in, 
(etponds fo one s4-in bolt (Table IT, page y88). The wasnne, bear 

(ithe igrain of the rafter, will have an area of sr 290/200 156 sq in 
B). Since the top-chord is actually but 514 in wide, the length of the 
bout 28 in. Stich « plate would look out of proportion with one bolt, 
[fa bolts are substituted, having 2 net section-ares of 2.10 #q in (Table 
BS). ‘Two bolts are placed near each end of the plate and one bolt 
[inthe middle. ‘The bolts are spaced about 9} in apart. ‘The thick- 
he plate mny be taken as one-fifth the distance from the end of the 
he mutsof the first pair of bolts. ‘This distance is about 5.4 in; hetice 
test is 0.67 in. A Alo plate is ant. The lower end of each pale of 
lobe! with rLare-wasare bearing upon the inclined surtace of the 
weeeren as wh0ws, The ANGLE OF INCLINATION approximates 4+“ 











ail ” He 
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tome or erat rLare provided to distribute the pressure. (See 
Tes this case a 16 by 14 by ri-in carton PLate Is used, 

the pressure on the brickwork to Ba¥4 Ib per sq in, 

3, This joint might be made in the manner described above, 

jown im Pig. 9 is used. The thickness of the plate i usually 

b thickness required at ¥ to give the moox the proper strength. 


ieee erg 





ewe COLL 


Alef Joint 1, Fig. 3 Pig, 94. Alternate Detail of Joint 1, Fig: 3 


tically takes one-half the horizontal component of the stress in 
hh be the stress in the bottom chard in this case) ms the bolts are 
to keep the parts in place. The metal hears against the end- 
inch indepth of the notch, the fibers carry g}s X 1 F09—= 10450 1b, 
dtely bs $4 (27.550/ 10 459) = 1.31 indeep, say 14in. Considering 
WROUOWT-rON CANTILEVER, 134 in long and uniformly loaded 
br aq ing the thick- 
‘oer the expression 
Waltaoce x x), 
mn The nearest 
fe @ thickness of 
jigth of the hot- 
feetary to take 
fom the hook in 
init i914 X 109 
or, 13 675/950 
‘The inctinatica 
(UH with the ver- 
‘out 36", and the 
fee on this surface Fig. gm, Alternate Detall of Joint 2, Pig. 3 
+209) (G0)* = 44 

poet oh) = 85 im which & the required depth of the cut. 
re-configed by the plate, ane-half this value, oF 444 bn, approx 
IL The bolts, Z, are two jéin bolts. There should be two 
fully placed so that the hook bears against them. There ba 
{fee the hook to straighten amd hence sin bolts are used, 
ol the plate in teesion is evidently greatly in excess of that 





SA brottor detail at 1’, Fig. 9, ie shown in Fig. 94, It is 
bre that one-hali the tension ds takew by the aotch at ¥, The 





in bending, The side 
wood by Lanacerwn, ws shin to 


4 
a3 
if 

4 

= 
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thows m geod application of the custsmon ANGLE-uLOCK used In the 
bblacksmith-shop of the Boston & Maine Railroad Company. ‘The 
HM aheasing values are provided for principally by a tenon on the 
(te the bottom chord as indicated by the dotted lines. 

Fig. 2. Where a brace abuts sgalast « vafter, asin this joint, one cut 
Of the brace should! bisect the angle made between the brace and the 
Mbewecond cut should be at right angles () this, as shown iat Fig. 10. 
then set in a notch oF mortise to Koep the brace in place and te trans 
[eure to the rafter. The purlin inay be supported by a gin plank, as 















Vig. 104. _ Purlbe-conpection. 
Porling on Top  Trum-chond 


Pacliecis Pig, 10. Purfin-connee- Pig. 100," Purlin-connection 
With Steet tian with Wooden Bear: with Beam-banger 
ing-biboct, 


Pig. 10. Some form of werat tances, of the Deruex tyre is 
Jered, In the truss shown jn Pig. 1) there is mo vertical rod at th 
Imany tueses have a rod there, and one ts therefore shown in Fig. 10. 
ontop of the rafter mest have sufficient area to transmit the stress 
te the rafter. Other forms of purlin-connectlons are sbown in Figs, 
. 

| King-Red Truss, Fig- 11 shows the joint at the ton of # Kino- 
with a DuPLex HANcex to support the purlin. The wrought-iron 
late fee lance trues should extend along the top of each rafter & 
istamoe to permit its being fastened hy LAcackews o¢ outs. Fig, 12 
were ko place of the noLLUD reAr8. 











Fig. 13. Detail of Joint 3, Fig. 1 


Joint >, Fig, 3. Ono method of maki 
in Fig. 4. ive endbcut of the min 


Fig. 15. Alternate Detail Of Jo 


heing determined by the necewary area of the | 
‘The permissible unit pressure is about 525 Ib per ea in 
64 24 in, oF the Aisrance 4% a Kite greater Chia 
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(iean only be Used for the end-brce by making twe notches as 
Eddotted tines, A rauch better method is shown in Fig. 15, whero 
(OOK is weed. The angle-block is made of very hard wood so that 
if the brace is provided for, and st is notched into the chord « sufli- 
{to transfer the horizontal component of the stress in the brace 
+ A-noteh 1 in deep curries 4 100 X 9}4 10450 Ib (Table 1, page 
© for a horisontal component of 27 550 Ib (Fig. 4), the notch is 
i deep. This clearly 
‘paces should be inclined 
‘with the horizontal, 
ind or weak details are 
ted. The vertical rod 
fess of ty 492 lb, The 
iol the chord transfers 
daring across the grain. 
tess off 200 Ib (Tablo I, 
the area is 67.4 sq in, 
68 by 9 by Min 








Fig. 10. Detail of Joint 7, Pig 1 


& 1 This is shown in Fig. 16, and the above discussions cover all 
teint 
Since it.is not economical and often impossible to procure timbers 
of x0 It in length, it is wecesary to make one or more SPLICE 
+ The top-chord of « Howr tRuss is spliced by placing the tim- 
hd, and by spiking or bolting on side planks to keep them in place, 
thoed cannot be treated in this manner, as it is in tension, 
(ce of Tabled Fish-Plate of Wood. It is assumed that the 
‘of the truss shown in Fig. 3 is to be spliced at.the middle of the 
span. Fig. 174 shows 
this splice. Tt is 
sumed that the side 
pieces are of white pine. 
The total depth of the 
hotches is 48 s6oe 
(1 0 X11H4) md mg By 
in (Table I, page 1498). 
Each notch, then, is 
about 3 in deep. The 
Tongth of the table is 
t= 96 [48 560 + (100 x 
%. Splice ef Bots Chord of Truss i1}4))ea2tin. Thenet 
* thickness of each side 
§shoh/ (02x e1}4) =» in, without deducting anything for the two 
The chand.pleces have less than the required area because of the 
required; hence a +2 12-in timber is required if this form of 
The proper dimensions are shown in Fig. 17a. 
fee. Fig. 17 shows an okt and very efficient form of sptice, pro- 
feplace the form shown in Fig. 17. 
€ Built-up Chord. ‘The top chord, when num er of 2-in planks, 
feah spiking with two Min bolts at the ends of exch plank. The 
{ which Ein tension, should be so arranged that the ends of 
‘he stratd are well removed from the ends in other strands. The 
































the 
writer believes It th wor 
to get Solin artes for tet: 
Wall-Joint of Scissors 
wall formed by the radter and U 


to the stresses; otherwi 

olit. Much greater strength {§ required 
ING-koD TRUSS of the same spun, because thes 
Usually at least twice and sometimes three or 
‘With 0 horinomtal tiebeten. Foe m cRasO 
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tough the center of each joint, with as many spikes as can be 
Muarily give sullicieot strength. Foe trusses like those shown 
‘of Chapter XXVI, coe of the best methods of making the wall. 
te roof is quite flat, is that shown in Fig. 18 which is the detail 
lint where the stress in the tie-beam was 24 099 Ib. It should ho 
he WROCOIT-IRON STRAP is secured to the tie by LAG-scuxws fine 
Ut is practically impossible to bolt a strap to each side of a 
‘get & good bearing for all of the bults, owing to the difficulty ia 
fs straight; and if the holes are bored a little lange, some bolts 
the wood and some may not. With rxoscrews each serew Is 
ft good hearing im the wood. ‘The holes in the two sides of the 
course, be staggered, so that they will not come apposite each 
fesectional area of the strap should at least be equal to the stress 
m divided by 2% t2.000 (Table I, page 1138), ‘The number of 
bor both sides, is found by dividing the stress in the tie-bearn by 
bf one screw, For the safe resistance of Lacacaews uses im this 
tegiven in Table V are recommensed, In the joint shown in Fig. 
in the tie-beam is 25.000 Ib, and the wood is Douglas fir, The 
rerefore, require a sectional area in the strap of ¥4 (25 000)/12. 000 
tnd twelve ji-in lag-screws. 














Safe Resistance of Lag-Screws When Used as in Fig. 18 








nm Sale resistance in pounds Minimum 
Se — _ —| Usiekness 
— Douglas, | Lomglead | of strap in 


| 
Oak | Whitepine) “Ver | AE tecbes 








fe we | Koo Kh 

too | tt. 3x0 u 

¥ 500 1 656 1foo | Me 

" 2% } 2 | 200 2400 Mm 
tee \esen A] aes. ([Saee ) | ccs 





keness of 16 in, the width of the steap 





comary to give & sectional 
$75, or about 3 in. is should be added the diam- 
Becrew (fo obtain the working width, Thus3+%= sh in. The 
by’ Sein in cromsection, as some additional strengths & obtained by 
‘which it is necemary to insert to hol the timabers together while 
Hing raises! into position, and alsoto bring them tightly tegetbee 
the strap. Fix. 19 shows another method of makieg this joint 
btiswt with advantage when the inclination of the rafter is less 
te advantage in using this truss is that if it Is erected ows rpper 
pticdeams may be gut up first, thus providing a sear to receive 
Phe trap prevents the end of the rafter from springing up. The 
Je belt shoul be propartione! to the horizeatal component. of the 
Mter. Fiz 2D shows a good form al joint to saw at joint $ of Fig. 
KEXVT, when it Is desired to substitute a wooden tie for the suds 
27, The sectional area of the steap and the sumber of lag-screms 
Portioeed by the rules given for Fig. 18. 

‘Where fron or steel reds are used in wooden trases, washers aro 
fer the heads anid nuts to properly distribute the tone on the 
Wimensions of the washers are determined by the allowable bear+ 
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’ 
* 
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Thickness of Rectangular Steel-Plate Washers. The 
tangular steel-plate washers can be found from the following for 
Vis the distance from the edge of the plate to the aut and ¢ the thick 
plate. When used 

On white oak... 

On white pine 

On long-leaf yellow pine, 

On thort-leat yellow wine 
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| VL Safe Besring Resistance of Cast-Iron Washers, is Pounds 
































Round washers 
Area.* | White pine, Shorvleal |. Lonpleal } Waite oak, 
= 6 Hine. ellow pine, | yellow pine, = 
eb 1o 
5.16 top | £2 1810 2 $80 
6 | rae | 16 250 3390 
78 190 1950 2p i) 
104 ze | 36c0 3610 $200 
m7 20 | agp 410 5 so 
166 3320 4150 500 S30 
26.9 se | 670 94 13 $0 
a6 $77 7190 10 000 pe 
Ms Treo | 9 60 13 928 19 70 
9 ou | 150 13 oe 
fis! |\casteo™ tro | toons | bee 
mt i540 9 300 77000 38 600 
$2.9] -s8600- |-—-as aco} gygs0 496 500 
nn0.2 seo. | 37600 Aho $5 100 
Rectangular washers 
6 au | a8 S00 face 13600 
‘ a be | S00 11 x0 16-000 
t x ta | 900 12 600 18000 
' | Bae | nose, | ta 700 21600 
" * 960 2 c00 16 50 24 020 
i) # 10 80 m0 18.900 77090 
B 12020 #5 coo 21 028 poo 
' 6 12 bee 16 200 nae saeco 
' ] 4 #0 8.200 25 300 yh ceo 
' & 16 o00 aocco | atom 20 
' * 19 200 aacca | 336om Beco 
b | ae 20 008 asom | aso00 peo 
t no 22.000 1 $00 Bo $5 000 
' 1 24008| 30.600, pee 6 c00 
' 40 Heo || 3s 000 Qo 7 exo 
' ah 280 | 96 con 30 400 72.000 
' x 33 600 420m Bho 84 coo 
b | hal 48 000, m0 fi cco 
4 | 6 px 9 10 68 600 8 e009 
| ee TI Sf cos 748 1&0 
es Ib persqin | axe 250 aso co 
Hull arena beating en the wood are given for round washers For rectangular 





fe total area it given, no allowance being mate for holes 


fe Many other forms of connections are in wse and their proper design 
hands that the methods explained ia Chapter XII and in thls chapter 
(ently followed. All details are mot suitable for all cases and the de~ 
Ist Muse common sense in the selection of the PARTICULAR TYPE to be 
| its design. Wood ts very variable in its properties and consequently 
PORS OF SAreTY are used for certain kinds of street and smaller factors 








and apes, as shown } 
there shall be no twisting, it is nec 

















and are quite different ta their d 
that the architect should not Att 
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PLAN OF TIE 
Fig. 244. Detall of Joint A, Pie. 24 





Fig. 240, Detall of Joiot 9, Fie. 24. 















Fig. 24x, Detail of Joint G, Fig. 24 
wie 
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5. Purline and Purlin-Connections 


tre the roofing is supported directly on the rURLENS, ad Is gen- 
Meght steel roofs, the purlins and tritives are usually spaced 40 
M SLEPLE ZOLLED suares may be used for the purlins, For 


c. 2 





& Purllo-connections. Steel Clips, Angles and Z Bars 





\arlin-<ounections. Steel Sections with Wooden Nailing-¢trips 


(isies of from 8 to 10 ft, ANGLES are commonly used, and for 
ans, cmarsters and I nKAMs. Woooen ecaians are olten used 
«Uf STEEL PURLENS support woodes rafters or plank roofing, 
bf wood is bolted to the purlin, as 
‘When thedistance between purlins 
line of Hin rods should run from A 
(the purlins, to prevent them from 
use of the roof. The purlin at the 
lesigned to take the vertical com- 
esa iin these rods, 
ktlons. Figs. 28, 29 and 30 show a 
‘methods of fastening the purlins to 


Gttins, Fig. 31 shows the crom- 
CRARGELAM WOODEN PeRLIN and of 
STERL SHArts eroploye! tor prarlins. 
\ When considering woodets pyurlins 
be stress in the oater fiber is tro 
With refetente to the PaevcrmaL axts of the teetlog. ‘Then, 
axis Goes bot Ge ih the plane of thé sewing, the lending 
@ into two components, respectively, parallel to the two 





Fig. 30. Purlln-coanectlom. 
Beaced Chatael 








Fig S1. Sections of Weodem amd Steel Parlin 


reference to thouboveais. «= the distance of any selectis titer 
axis, For the other principal axis use, Af 2° and Oy the 


sultant fiber-stress, 
LoLFS Melt + Me" 
For the rectangle, 


Sate S 6/8 £6 MAL 


For the channel and f beam, 
[SAS = MAla hat MO ate 


For the angle and Z bar, 
LoS 4S oe MON at WO he 


The application of these formulas offers ne diticaliies: 
‘of ancies and 2 naes. For the other forma, the vals of f. 
the tables of peoperties of the exetions (Chapter X}, ‘The locatia 
cipal axes for the 2 bars and angles are also given ii the tables | 
of ¢ are not given for any of tbe fibers. The easiest way to ext tl 
in any particular case is to draw the section of the angle ee 
the principal axes and then measure the actual © 
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CHAPTER XXIX 





2)-BRACING OF TALL BUILDINGS 
Ry 
N. A. RICHARDS 
or 


(RDY & HENDERSON, INC., CIVIL ENGEYRERS 


Data for Wind-Pressure, Building Laws 


of Modern Construction, that is, buildings with skeleton 
urtain walls or filler walls, require that resistance to wind- 
‘ed with care. ‘The proportions of a building and the arrange: 
‘of the walls determine to what extent special bracing must 
fing ordinances in the langer cities usually require considers 
eind-pressure. Where such ordinances do aot definitely fix 
re, a unit force of 30 Ib per sq ft of surface is generally 
tind adequate. (See, also, page 150.) 

The following are extracts * from the building ordinances of 
hicago, Philadelphia and Baltimore with reference to wind 





New York (ro14) 
it. “All structures exposed to wind shall be designed to 
rind pressure of thirty pounds for every square foot of sur 
from the ground to the top of same, including roof, in any 


no case shall the overturning moment due to wind prewure 
per centum of the moment of stability of the structure 
yoceo wites Necessary. “In all structures exposed to 
‘te moments of the ordinary materials of construction, such 
fons, flooes and connections, are not sufficient to tesist the 
bn due to wind pressure, taken in any direction on aay part 
ditional bracing shall be tntroduced sufficient to make up 
moments, 

is aay ne Ixcexasen, “In calculations for wind bracing, 
sset forth in this code may be Increased by fifty per centum, 
esSURE MAY Be Diseecarpen. “In buildings under one 
provided the heivht does not exceed four times the average 
tind pressure may be disregarded.” 


Chicags (x945) 
fd structures shall be designed to resist a horlzontal wind 
pounds per square foot for every square foot of exposed sur- 
hhall the overtumning moment due to wind pressure exceed 
WLof the amount of stability of the structure due to the dead 


faced by wind forces combined with these from live and 
tress may be increased filty per ceat over those given above; 
Knot be less than required if wind foroes be peglected."" 

Form in general aot edited or changed. Some paragrant-captions 
hore 
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idth aa Affecting Wind-Pressure. 11 ls generally safe to 
are in structural designs for buildings tem stories or less in 
height, where the average width 
is not lexs thas one-thied the 
height. Ut is als usual to omit 
special provision for wind-bewc- 
ing in higher buildings where the 
width is (wo-thieds the eights 
or more. ‘The writer believes 
the above approximations repee- 
sent conservative practice, #0 far 
as general rules are possible. 

Dead Load as Affecting 
Wind-Pressure. A building 
shouk! not be # propertione’ 
that the OVERTUKNING sOaHENY 
of & wink-pressure of 30 To per 
aq {t exceeds 73% of the avail 
able ReSiETENO Moment of the 
dead load, Ti necessary, the col 
ums shoul be anchored to the 
foundations. 


3. General Theory of 
‘Wind-Bracing 
Buildings Considered as 
Cantilevers. Buildings are usu- 
ally coasideros t0 resist wind as 
































Ne T. Section and Mao of Wind-breced thuilding 


ems of trusses, planted in the earth. Assuming a building 
tendons shows la section acd plan la Fig, 4 with a winds 





Pa a 
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}itestsrmxo vauve of such a connection against a moment due to side 
[He lower buildings it is usual to specify two rivets instead of four tn 
errr a wakes bald Serine 


bance of Beam and Girder-Connections to Wind-Pressure. It is 
Se assumed that the connections of all beams or girders (running in the 


' 











Fig. 3, Heavy Gitder and 
Column-connection, 


fection as the wind) to columes act st their fall value to resist the wind. 
landosbtedly wrong, because the many connections could probably act 
| to work at the same time, and also because building-frames are selinm 
Peo that such a result could be powible, under any rational assumption, 
Wto the distribution of the vertical shears, Stoe ctirs are sometimes 
the edlumn-connections to furnish additioual stiffness. They are not 
| wales, however, as on most beams they are not deep enough to help 


y Colamn-Connections in Wind-R, 
(dimes maite very heavy, as shown in I 
Meranged to resist « large twist. The vagn is, of Course, 
ih by the rersting moment of the rivets connecting the beam to the clip- 
(phy the coamection of the angles to the column. ‘This type is used where 
(tance to wind is grovided foe fo a very largo number of connections, 
a ‘all the cobemn-compections, throughout the buildings, Such aa 


Column-connections 














7. Mustration of Method 
Thrusts, Vortical Shears and Mi 


contributes pressure to 
that these Fines of 
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persq ft, peeponciicular to side 4, tbere are momazow rat texters 
(each fine of bracing. of so by 12 by 30 Ib, or 18.000 Ib. Re 
L page 1178, there are Coun listed in the second column of the 
otal thrusts at each floor, It is assumed that no additional 
Ached the building below the fourth floor, In the third column 
horizontal thrusts, Zd/, are summarized from the top dows to 
fiving the TOTAL WORIZONTAL DiLUETS, For crample, 202 go lb 
‘ontal thrust. down to and including the tenth floor. Each tier 
tragsmit a VERTICAL sia equal to the difference in Bange- 
point midway in the story above the tier in question, and a 
the story below. This difference of ange-stress can, off course, 
ertaining the difference in bending moments between the two 
ling by the effective depth of the system, as in a plate girder of 
yw appear that the differences in moments applying to gach thee 
pund and tabulated. ‘These will be called the stoareT-t8cKR- 
‘aye been tabulated for the assumed case in the fifth column of 
fourse, the sum of all the moment-increments must equal the 
ag uonmext of the wind. ‘The simplest way to obtain the 
fat for any tice is to multiply the total horizontal thrust, 24, 
fel im question by the distance between paints midway in the 
Wbelow the tier. ‘Thus, for the tenth floor, 202 goo by 42 equals 








nts of Vertical Shear are found by dividing the moment- 
be effective depth of the cantilever, in this case, 47 ft. The 
bwewrs are listed in the sixth column of the table It ix 
full depth between outside columns aa the effective depth of 
‘This is not strictly correct where there are four o¢ more columns 
he bracing, but the assumption is made on the ground that the 
urnish flanges which are s0 many times more effective than the 
tumns that the latter may be neglected. If there are a number 
F plane of the bracing, say six or seven, this assumption becomes 
rate, and the effcctive depth should be reduced, ‘The function 
fs heretofore stated, is to carry between the flanges at each floor- 
ints of vertical shears thus found. The summation of all the 
fits from the top down gives the TOTAL VERTICAL LOAD and) 
Md, om the comercolumns, or more correctly, on the outside 
ier, 

fal Shear. In this assumed case, the total uplift exceeds the 
(od tive loads on the corner-columns, This, however, ia not 
[ithere are sufficient means furnished for transferring any excess 
Into the walls 4 and B, which act as Mangos to the win/}-resisting 
pera rule, the sdde walls of « city building are not much reduced 
A in higher buildings there are usually ypandrel beams in the 
fr. With such an arrangement a considerable amount of Excess 
ken care of, In some cases special bracing may be necewsry, at 
tancls of walls A and 8. 

fertical or Flange-Streas. When considering an 
[RICAL LOAD or WrLIFT, such as the one deseribert 
his it should be kept im mind that totals «! 
Vsert. Vertical forces forming couples 
ther they are transmitted through the masoury walls or through 
ting. Referring again to the illustration of the plate girder set 
‘the vertical shears are dependent only on the force uf the wind 
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it will be safe to assume the builting rigid and secure against 
ial bracing. In this case, let it be assumed that the building 
resisting the wind, without the ald of special bracing, as far 
uth floor, ‘Then, assuming that the walls, beam-connections, 
ably the same in the floors below, it is fair to say that the 
ement at the fourteenth floor can be deducted from the 
at eich floor below. 

ical Increments. The couencteD VERTICAL INCREMENTS 
er should be wsed only in the proportioning of special bracing. 
ig moment of the wind, and the full vertical shears, should 
ting all other effects of the wind and the realstance of the 
thould also: be borne in mind that this method of proportion- 
yest, largely dependent upon individual opinion, and in any 
ue better to err on the safe side, even to the extent of disre- 
theuncertain factors of resistance. ‘The CORRECTED VERTICAL 
ve assumed case have been listed in the elghth column of 
te flanges of the building, acting as an upright cantilever 
tsumed concentrated in the outside walls A and B (Fig. 1), it 
ATICALSHEAR INCREMENTS will be constant from outside to 


of Stresses in Different Types of Wind-Bracing 


‘Thrusts, which must be carried by the bracing at ench level: 
(and can usually be neglected. The MAXIMUM HORIZONTAL 
can 
vor 
the 


ory. 
‘ple, 











ino. ig. 5. Knee-brace Type of 
cot "** Wateedng Fe 6 Totes 


bere 

ytodistort the frame, changing the angle between the vertical 
thers; that is, the columns and girders. For this investigation, a 
scomsidered, with gusset-plates at either end, as shown. These 
Prevent the distortion, and since they both, at either end, rex 
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the’ braces at either end of the girder. All’ wob-splices; and 
|Hange-rivets, mast be proportioned from these shears. 
tof Braces for No Bending Moment in Girder or Column. 
‘om the above that the nearer @ and d approach zero the lew the 
te lathe girder anit column become. If the intersections of the 
the braces can be arranged so that a and d become 2ero, there 
jae wowenTs in the girders or colurans, 
§ om One Side, Only, of Girder. It is often necessary to 
(hacks Ow OE sme, only, of the girder, either above or below, 
(kind the girder itself serves as one arm of the brace, and 
‘The stress in the single knee = $ cesecant cx . 
ts determined whowe, but there must also be taken into account 
tross in, the girder, due to its action as one arm of the brace: 
Horizontal stress in girder = Vi/(4e—d) 
$n between the column and the girder must provide for the com- 
& wortical and 1t/(}4 ¢~ d) horizontal. 


$way-Rods, For the correct analysis of swav-meacrne (Fig. 8), 
‘ments should be found in » manner sigh different from that 





Ss A Type at 7. der 
be ves PES, Sey Te ol” Fi: 7 Herder Tp 


the verti- 

ithe story multiplied hy the cosecant of the angle « (Fig. 6), 
tthe diagonals are used for tension only, and that, consequently, 
(acts atatime. Each horizoatal member miust take compression 
‘tical imcrement in the story below, multiplied by the cotangent 
fats are arranges so that axial lines of members intersect, there 
ing either in the columes ce the bocizcatal members, 

Lattice? Girders, Let #in Fis, 7 equal the vertical increment 
(i he the other txpex. ¥ és covatant between the columns, asd 
Hgrousel exis F multiplied by the cosccant of at. AS ia the 
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als 4 (2+ Mi) multiplied by a/n, and this is» maximum 
its greatest value. There is approximation In’'thiv treatment, 

side of safety. If the flange ¢ has » section proportioned to 

i streties the requirements will be fulilled, ‘The stress in, and 

ulred for, the flange r can be obtained in a similar manner. 'The 

ho portal above this flange to the portal and column above must 
will salcly resist the stress $4 21 at cach leg. 


bination of Dead and Live Loads with Wind-Loads 


(nciples. It usually happens that the sume girders that are used 
& serve also to carry floors or walls. The dead and live loads 
fidered with the wind, and the R£SULTANT COMBINED sTamssxs 


Besring _ _Trecine Brocing 
Dewing 


Fig.9. ‘Types of Colurnns Arranged for Wind-beacing. 


(tshould be borne in mind that the maximum bending moment 
Wied is often at a point on the girder more or less reesorred from 
tximum bending moment for dead and live loads. When resuer- 
@ Mounxrs are considered, in which the forces are the wind-baad 
wd dead loads, it is generally deemed proper to wie unit stremes 
job those of common practice under wstal loading. The columns 
stigated for diroct Hive, lead and wind-Jaads and for the beoding 
rag apm oer grag ag ety 
a oly. St is often ti 
(etl ew fo proper connections for beacing. en, 5 





the uplitr, 
A Good Example of a Sted Water 
he Enginceting Recurd oh June 19, 983, 
struction being given. 
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Pig. 11. Whitehall Building. Wind-bracing om Lise I, Pig. 10 





‘Vig. 12. Whitehall Buildi 





amples of Wind-Bracing in ‘Tall Buildings i187 
it Examplos of Wind-Bracing in Tall Buildings * 


M Building+ (Figs 10 
West Street, New York 
& thirty-one story addi 
r Battery Place Building. 
fe twenty-story building 
\uth. As the plan, Fig. 10, 
ding is very long and nar- 
fed with its height and it 
which wind-bracing must 
tmential feature. ‘The six 
tdicated on the plan (Fig. 
4 mumerals and the letters 
| 80 ms to interfere as little 
‘erequirements of the plan. 
fe used as far as practi- 
fal instances it was neces- 
im8 because of the limited 
It was assumed that the 
bns of girders to columns, 
(nished sufficient stiffness 
ty-fourth floor-level.  Be- 
beacing was proportioned 
Ages 1179-80; that is, al- 
¢ for the INDETERMINATE 
TANCE equal to the wind- 
fenty-fourth floor. 

itates Realty Building { 
batlway, New York City, 
of & building in which 


=r 


high, and its width is 
with its length and 
used, a8 indicated, in 
was not feasible to put 
to do all the work. 
therefore added be- 
be elevator-shalts and in 
thown on the plan. No 
6 tased above the fifteenth 


aFREL 


Building § (Fis. 19), 68: 
w York City, is but twelve 
is mther narrow. The 
( foterfor lot, and it was 
(the openings in the ex- 
fe as possible, in order to 
(feterior. This, of course, 
walls of but litthe value 


quite essential. It is — 











au 


Fig. 13. Whitehall Building. ‘Wind- 
bracing oo Line LIT, Fig. 10 


| Henderson acted as designing engincers for these buildings. 


& Ruwell, architects. 
ML. Kimball, architect. 
(Mead & White, arciitects, 
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we Pe. ro Wie. ® 
$10 Whiteball Bulldieg, Wisd-daciog Details 
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kwer-nzaces and oussers were introduced in each end- 
snee-braces next to the elevator-wells and stair-wells- The 
ctions to the columns, also, were made with six rivets in 
if with four as is usual. “These special bracing-features were 
bi Boor-level, 

1 (Fig. 20), a4th Street Building, New York City, twenty- 
@ virtually no special bracing. Light xxme-nKACES were 
ywings, but these were rather to insure the steelwork against 
in erection, than to assist in wind-resistance, 

ding t (Fig. 21), 45 East 17th Street, New York City, is a 
¢ with no special bracing of any kind. It is large on the 
Tinary features of construction offer ample resistance to 





2 Tower $ (Fig. 22), Madison Square, New York City, is 
that it is, perhaps, out of place to mention it as an 

Tt is yoo ft 
“85 ft in plan 
lower stories. 
jis cose is a 
structural de- fi 
(ch attention. 
op to bottom 
‘eof jolb per 
ction for the 
‘The bracing 


wR. ca = 


ge 
4 
HE 
ert ee 


and GUxsETs 
ealumns are 
AL view to the 
for the brac 
tof the tower 
SISTANCE to 
teoess of the 
Sees or va Vi 


(drawn from pie 92. Stetropolitan Tuwee. Plan aad 
Lines of Bracing 





ice in fowet to wind-bracing as could be chosen. “There is 
ty In the shape and size of buildings that no case is ever 
us example, 


HL P. Knowles, architect 
§ Goldwin Starrett & Van Vieck, architects. 
$N. Lalirus & Sons, architects 
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‘Ventilation. 


Plumbing and Drainage, Gas and Gas-Piping, 
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HEATING AND VENTILATION 
\AT, FUEL, WATER, STEAM AND AIR 


By 
ROLLA C, CARPENTER 


Wy EXPERIMENTAL ENGINEERING IN CHARGE OF THE DEPART. 
TF OF ENGINERRING RESEARCH, CORNELL UNIVERSITY 


English unit of heat, or Burrisit tixeaar wxrr (Btu), Is the 
t required to raise the temperature of 1 Tb of pure water 1° F, 
euracy, the point on the temperature-scale at which the degree 
ould be specified, and is usually taken either at 39.2" F. oF at 
fench unit, or cAtonre, fs the quantity of heat required to raisa 
of x kilogram of water x* C (from 15° to r6"C). Heat and 
fay’ are Interconvertible, the MECUANICAL EQUIVALENT or 3 Btu 
yr7Sft-lb. The effect of heat may be noted by: (+) A change 
} as Indicated by the ordinary thermometer; (2) a change of 
ch mechanical work is done; (5) a change of state, such xs solld 
bid to gaseous, 

ers. Therelative values of the degrees on the different thermom~ 
[given by the following table: 


Thermometric Scales 














| detertined | Vaheeaiseit 





(en freexing and boiling) x#o 


Wfrensinggeént.s...y] ° 
(it Boiling-point...... a 160 
ength of degree : “ 
bath of degree, % 1 

ire bead | Balad and | Prance anid 


| American | Germany 





HC+ a2 WR 32° Cah(F~ 329 HR 


rule, thermometers are graduated to read correctly for total 
the stem emerges into space either hotter or colder than that 
ib fs placed, a steapcomnecrion must be applied to the observed 
| addition to any correction that may be found’ tm compariion 


Stem-correction = 0.000085 0 (T= 1) 


Observed temperature, ¢ the mean temperature of the emergent 
huimber of degrees of mercury column emergent, and ocooods 
between the coefficient of expansion of the mercury and that of 
tatem, It has been found ty’ experiment that air at 32° F. con- 
{ part of its volume if its pressure remains constant and its tem~ 
wreased one degree. If this law ‘holds consistently the volume 
| to nothing at (4gr.64 ~ 32) = 49964° below zero, ‘This point 
(SO6UTE ZkR0, and temperatures measured from it are known 
iMPERATORES. 
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wing equations express Marks’ curves: 


735 
wv (725 ~cats) 
(mypxoaEN not in moisture for all American coals, to an accu- 
to2 of 1%. 

(.cxepos (carbon occurring in the volatile matter), with an 
(Me approximately: 

or C= og (V — 10) for anthracite and semianthracite, 

= 14) for bituminous and semibituminous coals, 

7 #8) for lignites. 

‘in coal directly increases the value of V; hence, the calculated 
will be too high practically by the S content of the combustible, 
| (nitrogen comes off in the volatile matter), with an accuracy 








for anthracite and semianthracite, 
9.082 V for bituminous and lignite, 


fe of oxygen and sulphur is apparently more or less accidental 
ywing no uniformity, and is not expressible by equations. The 
Ul the sulphur and somo of the oxygen will appear in the prox: 
‘s volatile, and will, therefore, be accounted for as hydrogen and 
fe of these equations. 

Foruuts for calculating the heating value from the chemical 


& 
$2 $90" o 

pind raseoc+[ call x[x-2] +40205 
ng 


are the heating powers of the separnte chemical elements, 

siving cither the lower or tho higher heating value accord 

used. The formula is in a sense rational, but owing to 

the results obtained are usually from 5 to 10% high. This 

le to gas when another terms is added to provide for 

preseot. But a simpler method of computation is to take 

constituents of the gas separately with thelr calorific values, 
reualts. In doing this the following table will be useful: 


[acc egal odie rate 2 prema 
Pressure with Theoretical Amount of Alr 
‘Required for Combustion 
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jerature by the Color of Incandescent Bodies." "Pouillet concluded 
fandexcent bodies have a definite and fixed color corresponding 10 
iriture. This temperature-seale fellows, and applies only to. bodies 
by incandescent light and not from actual combustion,"* 


Different Colors of Iron Caused by Heat 








a0 Pale yellow 
4 | Dull yellow 
493 Crimion 





folet, purple and dull blue; between 26x and 


4 370° C. it passes to bright blue, to sea-green, and 
then disappears 
su Commences to be covered with a light coatinig of 


onide, loses a good deal of its hardness, become: a 
good ileal more impressible to the hammer, and 
‘can be twisted with ease 

m Becomes nascent red 
1393 Somber red 








a7 Nascent cherry 

1657 Cherry 

2 Rye Bright cherry. 

2012 Dull orange 

12 Bright orange 

232 White 

2533 Brilliant white, welding heat 
am 

os Dazaling white 








Inetlectric Pyrometecr, for Temperatures up to2900°F, When wires 
rent metals are joined atone end and heated, an electromotive force 
lup betwees the free ends; then if this rimce“o-courue is connected 
te galvanometer of high resistance of a millivoltmeter, the deflec- 
\peedle, after a careful calibration, will indicate the temperature very 

Tr is only necessary to beat the rixaeyt at the junction, Platinum 
(ys with iridium and rhodium have gives the best results, 


Melting-Points of Metals 
Machinery's Handbook 


Degrees Degrees || 
Pahcendbet | 


Metals | Fahrenheit |) Metals 









} 
30 Iridium | aR |) Platioum...| 3200. 
1150 Tron, cast. ayo ‘Silver... 

go || Tron, wronght|" ayeo || Steel.-....| 2990 












, |E po0toT Ay)| Lend | ~~ @o in m6 
r&s || Magnesium. | 200° || ‘Titanium 3360 
270 || Manganese 220 || Tengsten, 
amo ||| Mercury......)  —29 || Vansdium, 

299. || Molybdenum. 4500 || Zinc ys.r45) 785 
F992 || Nickel | 260 |! pxal south 














# Carpenter's Heating as’ Ventilating. 





further means of determining approximately the temperatere of 
following table may be of service. The color at 4 given ten 
mately the same for all kinds of combustibles under 


Light yi 
White, 


Properties of Water. Pure water is a chemical compound of ¥ 
‘of oxygen and two volumes of loaner ae epee! i 
ibsolutely pure, as it has a greater range: power 
For all practical purposes it is nomcompressible, the cosffid eat. o 
bility ranging fram o.ccoayo to o.cosas) per atmosphere 
peratures. The weight of water depends upon its temperate 
shown by the following table. Masimum density i# ined 
39.2° F, 


* Messrs. White and Taylor, Trans Am, Sees OM 
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Weight of Water, Frosting to Boiling-Point 



























Temperaiure,, Density, || Temperature, Density. 
Pabrembeit | tb per cu ft Pahrenheit | Ib per ow fe 

» | ee a» 666 
“s ee 25 aT 
» | @at 140 ced 
s ey 4s on 
& en 1p es 
65 foe 155 61.88 
) | asx | xo oe 
cd an ats On 
& (2.23, Ld en 
as 8 us | oe 
e ey > Goss 
Ld aes ais fou 
100, 02 ™” oe 
108 ae "s 2 
110 oe Gor 

af ae 

6138 oe 

bs 9.76 








frat saturation-pressure, Marks and Davis give the following, which 
ycosely with figures given by Thurston: 


‘Weight of Water st Saturation-Pressure 


20 
=p 
20 
350 
260 
7p 
380 
390 
wo 
mo 
a0 
ae 
= 
400 
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A greater specific heat or heatabsorbing capacity than almost alll 
pubstances. Its speciiic heat is the hasks lor measurement of the 
[beat-absorption of all other substances By defialtton, the sPmcuric 
firm is the namber of Btu required to raise the temperature of + Ib 
jdmeree.. For all practical purposes this may be considered unity, 
. faa slight variathon with the temperature, The specific heat of 
a6. 


Ve 








Bebeen 


28. 
8B. 
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mm 
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Properties of Steam. Water bolls. 
on the pressure upon its surface. The thes 
water from 32° P. to the temperature of 
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of absorbing and retaining heat, that makes water and its vapor 
medium for conveying heat from the furnace to the rooms to 


‘am is the steam existing at the temperature and pressure of its 


Steam is steam free from liquid in suspension. If the steam 
of water it is said to be wer, and the percentage of dryness is 
tare of the steam. 


Steam is steam heated above the temperature normal to its 
tated steam. ‘The EAT oF SUPERIEAT may be found by mullie 
feof superheat of the steam by Its specific heat, approximately 


avis! Steam-Tables and Diagrams are generally accepted stand- 
fe, page 1205.) 

poration cquals total heat per pound above feed-water. temper- 
9704, and expresses the number of pounds of steam that 
(made veo Ap ar 212° F. with the expenditure of an equal 


vaporation equals actual evaporation times factor of evapora- 
‘es a3 a basis for comparison of tests under different conditions 
feod-water temperature. Each degree of difference in temper 
iter makes a difference of 0.00705 in the amount of evaporation. 
fr is a mixture of oxygen and nitrogen in the proportion of 
tnd 79.15% nitrogen by volume or 25% oxygen and 77% nitro 
‘Air in nature alway’ contains other constituents in varying 
as dust, carbon dioxide, omone and water-vapor. The COy- 
‘open varies from 4 to 6 parts In roo00 by volume, and the 
from a very small amount to as high as 4% by weight. Those 
fad out nearly uniformly in the atmosphere by the lw of diffe- 
property that gases have of mixing and diluting so as to prevent 
at spetific gravities from stratifying for any considerable time. 
eof the utmost importance to air; for if any inert or poisonous 
hin separated in the atmosphere, any ove breathing it would be 
ot poisonous, but if present in large proportions # person night 
iton. It bs regarded as an index of the quality of the air, and 
pent indicates the character of ventilation. It should not exceed 
ts in 10.000 for good ventilation. There are various devices in 
lermination of COs in air, but the most common consists of a 
ing a saturated solution of caustic potash (KOH) into which 
‘ount of alr is passed. The KOH absorbs the COs and the 
Hirectly on a graduated scale. The degree of moisture in the 
tant induence on ventilation, If the air ts saturated no evap- 
te place from the body, but if the air is very dry, very rapid 
(take place. A mean condition is required for ventilating 
It air should be from soto 70% saturate! in order to feel 
‘entage of saturation’ is termed RELATIVE WUMIDITY, while the 
moisture In a given space (usually x cu ft) is called the anso- 
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(-generally used for humidity-determinations consists merely 
Hers mounted side by side so as to be swung from a handle. 
is covered with a picce of moistened cloth to keep the atmas- 
‘aturated, and the other bulb is exposed to normal conditions. 
‘ts will read diiferently by an amount depending upon the 
‘wn by the following table condensed from the Psychrometric 
partment of Agriculture: 


tive Humidity, Per Cent, for Barometer 30 Inches 





Depression of wet-bulb thermometer, depron 
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{at of air for ordinary temperatures, as determined by Régnault, 
ce one Btu will raise the temperature of 4.2 Ih of dry ale 
XB. Asair for ventilation contains more or less moisture, 
tbe warmed, s5 cu ft at 70" F., of so cu ft at 32°F, is gener= 
he equivalent of + 1b of water in heating. Furthermore, since 

atmospheric pressure condensed to water gives off about 970 


& approximately s0 009 cu ft of alr 2° F. 
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Systems of Heating 


{games employed for the, warming of balling, ldo fom the 
tnd fireplices, may be classified as follows: 


Natural-draft, or gravity-system, 
Forced-deaft, or fan-aystem 
Gravity, or low-pressure systems 
(x) Direct radiation 
(2) Direct-indirect radiation 
(4) Indirect radiation 
Vacuum-systems 
(x) Paul systern 
(2) Webster system 
High-pressure systems 
(1) Gravity-circulation with returntmp or 


Hing. « 








pump 
(2) Fan, or forced-blast system 
Open system 
Direct at indiroet 
Closed system 
Direct oF indirect 


=| 


ma are bricfly described in the following pages and sufficient data, 
lean architect to specify or design, in a general way, an ordinary 
| ‘The lipaits of the book preclude the going into many of the minoe 
ire tusaally loft to the judgment of the contractor, or to a discus- 
[gh-pressure systems, which are generally employed only for very 
[soe for power-plnts, and far which the plant should be designed 
+. Fer farther information on this subject the reader is referred 
ld Ventilating Buildings, by R. C. Carpenter. 


Gravity Systems of Steam-Heating 
heating Plant may be divided into three distinct parts: (r) The 
(-genemitor; (2) the radiators; and (3) the supply and return- 
Ing the two. 

Radiators are generally made of iron, and may be of any shape 
fof a good circulation of steam through them, and also permit the 
le freely about the outside, It is also desirable that the thickness 
idall be only enough to give sufficient strength. 

Radiators. Radiators are divided into three classes, those afford 
ict radinti 2) direct-indirect radiation; (5) indirect radiation. 
(ting Surfaces embrace all heaters placed within « room or hall 
tir already in the room. 

Mating Surfaces embrace heating-surfaces placed outside the rooms 
(azel should anly be used in connection with some system of ver- 





lect Radiation is a monn between the other two methods. ‘The 
placed in the rooms to be heated, as in the first method, and a 
hair browebr to. theny thrower openixey in the outside wall of the 
pba apace wodler the fower seat of 2 window, 








Fig.1, Pipe-solls | 


elbows, to afford a circulation, The ina ot pe ei 
simount of heating-surface can 

pages 1274-6. For roomsta whieh pus 

Present 4 peat Appearance and occupy as 

right radiator is generally 

and manifolds. ‘The piping must tum at 

sion of the top and bottom pipes. — 


a & boopiron partition extending up daside ft from the b 
‘The radiators aro also made circular in form, el i 
encircling iron columas. The table following shows 
pipe-radiators for different 
Cast-Iron Direct Radiators. Uatit quite eceaily 
made almost exclusively of cast: iton. Since 
Provement has been made in. the design amid: 
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tatterns have very largely superseded those made previous to 


tmanufacturers of radiators are the American Radiator Com 
ther & Pierce, Fowler & Wolfe Manufacturing Company, and 





‘Company, 


lof whom make several complete lines, ‘There 


ir of smaller companies who make two or three styles. 


‘Table of Vertical Pipe-Radiators 
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* For radiators 45 fn high. 


le in Square Feet por Section of American Direct Radiators 
| 





Height of rdiator in inches ] 
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(ators maile by: the American Radiator Company, however, are peob- 
[extensively used than those of any other make, and it is for this 
[bthey Bave beers selected for illustration. Nearly all of the patteras 
bis company are very closely duplicated by the companies above named, 





Fig. 5. ‘Three Sections of Colonial Wall-radiator 


fom being principally in the ornatnentation. Figs. 2,3 and 4 iMlus- 
ff Of the most popular styles of radistors made by this company, 
1 large variety of radiators in one-column, two-cohumn, three-<column 

and is extended single-column and flue-construction are also 





Vig. & Presto Prowod Metal Radiator 


hem. Fig. 5 shows three sectors of the Colonial wallsradiator made 
mpasy, whith bs very convenient Jor use fa Aalls and hath-rooens, a3 

puily Srsct 0H4to 44 bo fro the wall. Comer, circular, curved, 
Nenatintars: eisiag-rove, window, stairway, box base, and direct 





7. Italian Flue Nox Mase D 
Fig. lia 


fn high, with a 2 ese: 
furnished with brackets. me 
Togs, ia three heights of 4445 adie 


Direct-I1 


Heating by Direct-indirect Ra 
method of heating and the dirpet: 
the room {a such a way that it shall come | 
‘Recoming heated, ccciave Snnsaaa Sim 


© Wanulacturel toy the Pretest 





Direct-Indirect Radiation 


1217 


hrougis the cracks around the doors and windows. Ty, this 


ficient. ventil~ 
ve Hiving-rooms 
th direct radia 
tion at all is 
© are several 
tgiing the radia- 
inlets, although 
that the radia 
Med against an 
‘The simplest 
idling: dtirect-in- 
iby using a 
tthe lower por- 
a8 to form a 
a Fie. Cold 
ucted from the 
hoase and ad- 
bottom of the 
Fig. 3. It is 
(pass upward 
iater-flues their 
md ts brought 
bcomparatively 
fre AS small 
placed’ In the 
and o damper 
tt fe the cold- 
(at tho radiator 
1 into the ordi- 








ly Simply closing the damper ani opening the doors. 





Flow THROUGH: RADATOR, 
AND WINDOW iLL. 


lecthin "Throweh Radiator, Case 
wed Window-sill 





Fig.8. Direct-indirect Radiator and Cold.air Inlet 


This 
would probably be required ia 
ety cold weather, The outside 
of the radiator, of course, heats 
by direct radiation at all thnes, 
Ifa lange amount of ventilation. 
is required, some form of Indirect 
radiator should be enclosed in 
an jocombestible casing and the 
outside ale mlmitted below the 
radiator. A very good arrance- 
ment to accomplish this purpose 
bs shown fo Fig. ®. It comsists 
‘of a stack of pla of other indit 
rect raliators enclored fs a box 
‘of either fron, marble, or wood 
Fined with tin, and provided 
with registers at the top for the 
excape of the heated alr. ‘The 
coli! air enters through a hollow 
iron itl placed above the wooden 
sili of a window and passes downs 





Weg throws « salvanizediron pipe, to the space under the 





should be fitted with a door in 
always be provided with a dam 
flues built Jato the wall when the 
‘only plastered; but round, smoath m 


as a large volume of warmed air 

‘There should be a separate vertical 

branched vertical air-ducts ono is get 

heater may be taken to tro or more 
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Pbranched cold-air duct is used, but this system will give trouble 
the rooms are ventilated by forced ventilation, 


(Mietors. For indirect heating a form of radiator is employed different 
(e tused for direct radiation. In this method the desideratam is to 
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Pig. 13. Sterling Todinect Radiator 









square feet of beating-surf. f 2s pecaible, appenr- 
pee 

Or hotsblsat <yatense. & the 1 
tims rat the each with returm ts 


indir 
Batars of axe of the Oyes shown ia direst beating 


aod 13 are now 








Steam-Boilers 1221 


indirect radiators may be used for either water or steam-<circula- 
feet radiators ure gencrally hung from the ceiling by four iron 
Wehod to the floor-joists and having their lower ends shaped so as 
[iron pipe or bariron on which the radiator rests ‘The hanger 
[the return-end of the stack should be slightly lower, from 4 to }4 in, 
thers, so that the water of condemation may have a positive flow 
Retura-connection. ‘The distance from the top of the stack to the 
Wd be from ro to 12 In, and the airspace below the stack to the 
the casing, from 6 to § in. ‘The ceiling over the stack is usually 
ib galvanized iron or tin. The surriy and meToRN-purcs should 
bt ample alec. The space required for any quantity of heating- 
iy One of the three radiators described above may be readily deter 
teas of the data given. The preceding table will be found useful in 
Hig'the size of alr-ducts. 





The Boiler 


of Heating-Boilers. There are a great many varieties of steam~ 
lee for generating steam for heating purpescs besides several typos 
ithe market some years ago and ane now practically,obsolete, ‘The 
detion of the boilers used at the present time may be classed under 
i Beads: 
omtal tubular boilers, 
box boilers. 
bnal boilers. 
Boilers with vertical sectlons. 
Boilers with horizontal sections, 


jal Tubular Boilers. This boiler has been very extensively used 
ting aad power and is still preferred by many engineers for heating 
gS or generating steam for hot-blast heating-systems, It isan 
be of boiler, is casily cleaned, and Is usually the mast economical 
lege amount of radiation, say over 2 500 aq ft, and particularly when 
fused for fuel. The chicé objection to its use is that if there is an 
isliable to do great damage and may possibly demolish the build 
thance of an explosion, however, is very small indeed,* with low- 
fam. Tubular boilers are manufactured in nearly every {city of 
aad can be purchased in every market at a reasonable price, The 
be provided with manboles with strongly reinforced edges, so that 
Nenter for cleaning. The heads of the boiler above the tubes should 
llybenced in order to sustain safely any pressure ftom the inside. 
Domes were formerly placed above the horizontal part of a boiler 
the capacity for the storage of steam and to affond a ready means of 
dry steam, but they are poor substitutes for properly-designed dry~ 
b dome is always an clement of weakness in a boiler, aud many 


hime foe sety can alse be made for the horisontal rete tubular boiler. 
fiat shen boilers of this type are pruperly constructed they do not exslode, 
pares Ube few explosions which occur with the great ember of boilers of 
[eh ace reanmfactured every year and the vastly greater number which are 
fe mumiber of them careleuly constructed and carrying @ greater pressure 
Ire designed to carry, it is a strong argument in suppoet of this clair, that 
ty bodlers when proper care sod daquetion are given fo their contruction, 
Berinuntal nefrn twbaler fier whea weil deuicned ann! caretully enostracted 
Weer tare, bel wibec compared with wetercube tellers we do aot hesitate 
Wer convened Lufrar deed & Sons. 
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fas claim that a boiler is better without it. For gravity-heating, boilers 
[domes are probably most used, ‘There seem to be no STANDARD 
{Ons for tubular boilers, as the practice of different makers and engineers 
fomewhat. The proportions given in the accompanying tables, however, 
Wprreprescetative of most of the boilers mad, those ia the fist table 
signed for bard coal and those in the second table for saft ccal. 

L seft'coal is used for fuel the efficiency of the boiler may be increased 
fasing the grate-arer about 20%. 


Proportions of Horizontal Tubular Boilers 


lby the Atlas Engineering Works, Indianapolis, Ind. 
lave about the standard proportions as used in’ the Western States tor ondinary 
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fill be noticed that these boilers are rated « little higher t 
it of heating-surlace to t hp. 

‘the smoke-box i made of s separate piece, so that the actual length 
fs 15 in more than length of abell, 


Th the Fastern States grhere hard coal fs used, 244-in tubes 
Bliced ireboilers up to 12 fC long, but where soft coal is used for 
sbould not be less than 5 in in diameter even for the smallest 
for boilers x6 ft long and over 3¥4.in or 4-in tubes should be used. 
of Horizontal Tubular Boilers. Boilers are set with maty-raonts 
Fronts. With half-(ront setting, the front exd of the boiler projects 
more beyond the brickwork and is covered with a cast-iron frame con~ 
two doors for giving acces to the flues. With a full front, a cast-iron 
(peovided the full width of the boiler and extending from the floor to the 
lthe brick setting. Fig. 14 shows the usual method of setting a hori 
fubwlar botler with: full front, and the table opposite it gives the dimen- 
Pes ey the letters, “li crete of cae J required. These will 
abowing the iler-setting on tl fora ic 
sand abo fey exthmating the cost of setting. pa Ba 2 
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ts. A fire-box boiler is a horizontal tubular boiler with a 
the front end, as in Fig. 15, ‘The fire-box has double walls, 
being filled with water, so that the Gre is entirely surrounded 
iect being to utilize a greater percentage of the heat generated 





coneervornat seerion 








Fig. 14 Setting-plan for Horisontal Tubular Boilers with Pull Front 
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SETTING PLAN 
FOR 
HORIZONTAL TUBULAR BOILERS 


bls possible with the cevilasry: tubulur boiler, The American 

| makes a fre bot bolerlntended expectally for heating at 
secty to be & very effictent type of boiler for buildi 

(024 of direce-steam radiation or x goo to 6 coolt ‘of bot: 
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on, and particularly where hard coal or coke is used for fuel. These 
te installed in very low cellars. The danger from explosion with 
however, when used for steam-heating is about the same as with 
boilers. Fire:box boilers require a brick setting which is shown 


Cast-Iron Boilers. Boilers of this class have been used for a 
‘ears, and have very Largely taken the place of tubular boilers for 
of lange private and public buildings, principally on account of 
rom dangerous explosions. This, in fact, is the chief advantage 
{al boller over a tubular boiler. ‘In a sectional boiler, should an 
tur fram gross carclessness of the attendant, it would probably be 
tot more than two sections, and do but Hittle damage to the 
any improve- 
(een made fn 
= that some 
patterns seom 
perfect for 
ork for which 
t Sectional \, 
‘ere is such a 





Hsimpossitle 
lem in a work 
iter. Nearly 
portable pat- 
te generally 
wrizontal sec- 
4 with sec~ 
pe on top of 
for buildings 
than 4oo ft 
lation in the 
‘wertical sec = 
is to be —— 
ihe with horl= Fig. 16," Ideal” Sectional Steam-boiler 
i ‘The ver- 
hoileris made up of a number of cast-iron vertical sections set one 
bother on a cast-fron base which forms the ash-pit. ‘The sections 
[together either by means of push-nipples fitting tightly into 
(ons or by connecting cach section to three drums, one above the 
fon each side near the bottom. ‘The latter type of boiler is Geslg~ 
kiewexturrne boiler and the former as a rusi-xiPrix boiler, ‘The 
toler Is the later type and seems to be most in favor with steam- 
fords a freer circulation of steam and water than the screw-nipple 
tore quickly erected. On the other hand, if any section of a push- 
decomes disabled, the entire boiler must be thrown out of use until 
an be put in: while with the scrow-nipple boiler, if am inter- 
ba is disabled it can be disconnected from the drums and the 
a the foe can Be temporarily, oF even permasi= 
enough without taking out the disabled section. ~ Fig, 16 
(af external appearance of pust-nipple boilers and Fig. 17 of 














‘Vig. 17, Gurney” Bright Idea" Boiler, 


hirating-surface in proportion to | 

efficient in point of economy of com 

sections ol sectional boilersare alll 

varied within certain timits by 
nts of an €co 

i ‘and satisfactory 


(1) They should con- 
tain a quantity of water 
sufficiently lange to fill 
the pipes and radiators 
with steam to any re- 
quired pressure wrmovT 

THE WATER IN 


TO REQUIEE 
ADDITION WHEN 


the steam go down sud- 

denly, there will be too 

much water in the boiler. 

‘This occurs in boilers 

made with very small e 
parts or pipes which 

have a small capacty at the water, 
if It has an aut 

but cannot 4 

i is in Ganger oh Pan a, 
‘STEAM. 





Steam-Boilers m9 


‘ata boiler which contains a small amount of water in propartion 
pourface will Get vv steam quicker than one containing a larger 
tater, but the latter will keep steam much better when the fire is 
[boilers which contain small quantities of water are rapidly chilled 
idly heated and must be fired often and regularly 

ex should be of iron, with a water-space around it, to prevent 
‘the sides and the necessity of repairs to brickwork, which are un- 
dick farnaces. 

hox should be nicer below the fire-door, to admit of a thick fire 
‘ht and thus keep up steam, For large boilers which require the 
(engineer it is desirable to have a lange gratearca and a thin fire; 
ferrequires to be renewed too often to be suitable for a howtke- 





bebox should be sractous, for the sake of good combustion. 

Hee should bave few parts, and the rivxs and tubes should be LAs@x 
{cal position, so that they will not foul casily, and so that any de- 
I to the bottom. For dwellings the writer advises those forms 
Teh are without tubes, or with but a very few, as the tubes will 
fe out Jong before the shell, antl if the tubes are not kept clean 
‘mit but a small percentage of heat. 

ts should be readily accesible for ceantng and repairs, ‘This is a 
‘greatest importance and economy. When the heating-surfaces 
fed with soot and ashes, the econamy of the boller greatly decreases 
Hs as an insulator and prevents the heat reaching the boiler. Tt 
(son that boilers which work well when new are found insufficient 
Ke required of them when they become dirty. 

Mting-surface should be arrange! as nearly as possible at right-angles 
Es of heated gases and so break up the currents as to extract the 
lle heat therefrom. 

ld have, if possible, no joints exposed to the direct action of the 


1 haves great excess of strength over any legitimate stress, and 
Jenstructed as not to be linble to be stressed bry unequal expansion. 
bul be durable fn construction and not liable to require early 


Waterspace’ should be divided into sections, so artamged that 
fail, no general explosion can occur and any destroctive 
10 the simple escape of the contents. 

be proportioned for the work to be done, and be capable of 
rated capacity with the highest economy. 

be 


Hi 


provided with the very best gauges, mfety-valves and 


be set! so that its water-tine will beat least 2 ft below the 
tal/supply-pipe. ‘The more prominent lines of sectional boilers for 
steam or hot-water heating are: ‘The {eal line, made by the 
\distoe Company; the Bright Iden, made ty the Gurney Heater 
‘ug Company; the Mercer and Gold, made by the H. B. Smith 
fd the Spencer, mado hy the Spencer. Heater Company, Cast- 
re very extensively used, Besides being very ellickent. they also 
Jit of being low in stature, thus dittiog them, without coostructing 
for installation in builiings with low cellars. ‘Fhe American Redie 
Iyumakes tennis aliiereot types of sectional boilers for steam and 
Vio al! Lasts of fort anv tiftcen dierent types of roid boilers, 


ee 





the advice of an experienced 
Amount of Coal Burne 
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and in some cases Is very mt 
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utomatic damper-regulator with connections for operating the 
coh check is also desirable on house-heaters. The best 
low-pressure boilers is the single-woighted type; it should be 
top of the heater. 





Systems of Piping for Steam-Heating 


‘tween Gravity and Non-Gravity Systems, The various 
tehenting are divided into two general dlawes, ORAVITY cin 
f& and NON-GRAVrrY sysreMs. "The former embraces all sys 
‘© water of condensation from the various radiators returns to 
‘en weight, that is, by gravity, without the aid of any mechanical 
ity systems require some special machinery, such as a pump 
‘return the water to the boiler, or, in same cases, the water af 
sted. The kind of boller used or the character of the radia~ 
to do with the distinction botwoen the two systems, although 
¥ity systems tubular or power-bailers are generally employed, 
rssure ateam is carried In the boiler, the non-gravity system 
men, this system is often designated as the high-pressure sys 
y seldom that high-pressure steam is carried into the radiators. 
‘steam 1s generated for power-purposes, that portion of live 
ted for heating is generally passed through a reducing valve, se 
in the radiators does not exceed 10 Ib per sq In, and if exhaust- 
‘n be mixed with tho reduced live steams otherwise the beating- 
the same as « gravity-system, except in returning the water of 
he baller. On the other hand, where low-presure steam fs used 
¥ to place radiators bekrw the water-line in the boiler, a non- 
(ust be used because the water of condensation must be cole 
ir receiver and returnat to the boller by a return-trap or pump, 
lation the lowest radiation must be at least 4 ft above the 
boiler, ‘The same system of piping may be used for both sys 
with the non-gravity systems the return-pipe must terminate 
td below the level of the lowest radiator. (See page 1234.) 
Terms Used in Describing Steam and Hot-Water Piping. 
4 terms used in describing steam or hot-water piping with 
4 or superintendent should be familiar, “The MACS OF NESTRI- 
le pilpe Ieaving the boller and which conveys the steam or hot 
#8 or branches which supply radiating surfaces. In steam= 
4s termed the sin steaM-rmre, and in hot-water beating the 
‘The term scvrry-rrrx is sometimes applied to main steam- 
ot technically correct. ‘The pipes in which the flow takes 
Miator are called xerunx-rtres, The wary eaxtvRN is the pipe 
th the Boller below the water-ne, or, in a mon-gravity sys 
Ki the receiver, The xisiees are those pipes which extend in ® 
to supply radiators. ‘The vertical pipes in which'the Sow 
alled eeromy-eisess. A exciey Or err is a émall pipe run 
fm toa return. Tt must be used at all points where water is 
fthe main. ‘The prreu fs the inclination given to any pipe 
A neatly horizontal direction. ‘The term warex-trxe ls used 
(ght at which the water will stand ts the return-pipes. In & 
dpeystear the watertine ts Be tically the level of the water 
term wareewasuce ix applied to a Very severe cbacussten, 
 xeasn-beative pipes aod radiators. Tt is caused by cold 











system one large steam-mals 
radiator or riser is taken off | 
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sPipe System. ‘This system consists in having stextm anid retuen- 
Hur and’ two connections to each radiator. ‘Tho steam-main 4 
‘am the boiler about 44 in in xo ft, and is reduced in size as rads 
imections are taken off; at the end it is connected into the recur 
Watet-line, ‘The return-main increases in size as it goes towards 
innections are made to it from risers or radiators. Each radiator 
from a riser of connection taken from the steam-main and empties 
through a return-riser oF connection, so that there ix a complete 
baghout the entire system. This system is now confined mainly 
ngs and to buildings heated by indirect radiation. Inpmect 
italways have a flow and return-pipe, and when used in build= 
the one-pipe system the return-riser must be entered into a re- 
Ww the waterline. ‘The two-pipe system is naturally’ much mare 

the one-pipe system, because twice as many radiator-valves 
t the former and so to 75% more piping. 





m-Systems of Heating. Several vacuum-dystems of heuting 
market. Allof these systems are provided with an, exhausting 
uclng a vacuum either on the return or on a pipe-line eonnecting 
& In most of the vacuum-systems a pump is applied to the 
Liy its action. the pressure is removed from the entire system, 
tad most widely used vacunmesystem is the Webster, which is 
tail later fn the second paragraph following. 


(ystem of Heating.” This is a patented system of exhausting 
‘radiators and piping, so that the steam circulates below of a litthe 
eric pressure. This is accomplished by attaching a patented 
ch radiator, and at any points where air might pasibly collect 
and connecting these valves by means of small air-pipes with a 
firatus placed in the bailer-room, ‘The valves are #9 constructed 
| permit of the passage of air no water can escape through them. 
‘ence between the Pave svenew and the ORDINARY SINGLE-PEE 
Mt lies ia reducing the pressure by exhausting the air so that the 
ened in pipes and radiators. "The exhausting-apparatus may be 
team, electricity, gas, or wutor, water belng useally employed 
tire-systems. ‘The cost of operating the exhausting-apparstus 
lure boilers are used need not exceed 3 cts per day for a building 
6.0 ft of radiation. \ To install the system the steam-fitter must 
valves and exhausting-apparatus from the Automatic Heating 
paya small royalty, the amount depending apan the amount of 
pbuilding. As by this system better circulation is provided tham 
ischarges into the rooms through ordinary automatic airvalves 
ire made more effective; consequently 4 little less radiation and 
fre required to do the same work... Tho cost of installation under 
‘vis, therefore, but little if any more than for the ordinary single- 
‘stern, while it is claimed that the system will effect an economy 
pin the amount of coal required for heating. ‘The system is in 
ation in a great many public and private buildings and. the 
fonts in most of the larger cities from whom further informatioy 
td. One great advantage of the aystem 4s that people in the 
(umper with the alrvalves and there is no danger of leaks 








* See foot-wote, 2aNe 12546 
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‘of some 
this 


stacks and fan. 

Fan-System of Warming 
in buildings where a large am 
the system fs the forcing of 


* The vacuum-system of heatit 
{ry some time in the past seventie 
Pa. His plan was to plag up all 
and exhaust all air and water fran 
plan was an improvement to the 
it was not a complete success in it 
act only on a portion of the syste 
to's rights and some other pate 
valve, which & now used In all 
making their system a success. 7 
duced since, 





Systems of Piping for Steam-Heating 1235 





rooms to be warmed, and necessitates « fan for driving the ai 
teslully operated in connection with hot-air furnaces (see F. E. 
on Churches and Chapels), but, as a rule, the heat is furaished 
tm radiation. An ordinary fan-heating and ventilating: 
ieam-boiler, cme or more stacks of steam-coils, a fan or fans 
(-& small steam-engine or electricmotor, recelver and pump, 
\s are usually collected n a stack, over which all of the air for the 
(a, and from the stack the air is drawn or forced through hot- 
parts of the building. Direct radiation may also be employed 
th this system for warming the halls and corridors or any rooms 
lequire ventilation, This aystem is especially adapted to the 
tntilating of schools, churches, hospitals and public buildings, 
tinds of manufacturing plants To insure successful results, 
It be laid out by an engineer familiar with this system of heat~ 
mation regarding it may be obtained from the American Blower 
Jutlalo Forge Company, or the B. F, Sturtevant Company, 
je.and Valvos, Tho pipe used for conveying steam or hot water 
ide exclusively of wrought iron, but at the present time the term 
pire is used merely to distinguish wrought from cast, pipe. 
to mean welded pipe, which is gencrally made from soft stecl.* 
f oN wire should specify ceNuIvE waovorr-10N PIPE, for 
Change is made. Up to the present time the pipe made of steel 
foft as that of wrought iron, and is often not 40 well welded and 
Ysplit, Nevertheless, steel pipe is much more extensively used 
wrought-iron pipe, although the latter 
fmplipe is put on the market in three 
ewes, STANDARD, EXTRA STRONG and 

STRONG (sce tables of Wrought-froa 
(to4276). Each lensth of pipe as sold 
ha collar or coupling (Fig. 19) on one 
tread cut on the other. Conneetions 
fewing the threaded end of one pipe 
flout the other. Pipe ls sold tn random" pe 
from 16 to 24 ff. With the exception 
& fittings used for connecting pipes and for giving them any 
with each other are made of cust and malleable iron. For use 
f, cast-iron fittings are generally to be preferred to those of 
(See Carpenter, Heating and Ventilating Buildings) 
Joining Pipes. For joining pipes in the same straight line. so 
(tinuous pipe from end to end, the coupiling, Pig. 19, with right= 
tim bots ends is commonly used, With right-hand couplings 
(o disconnect the pipe at any place without commencing at the 
disconnecting the pipe section by section. Reducing-couplings: 
iting pipes of diferent sizes. To connect two lengths of pipe, 
‘tbe disconnected at that polat without interfering with other 
its of connections are in use: 

Left Couplings. ‘The most common fitting for joining pipes 
and under, It requires, however, that there shall be room for 
tte of the pipes sufficient to insert it, 
These are generally used on pipes up to 134 or 2 Sn In diam 
Wéirable to have a joint that may be readily disconnected, 


# See National Tube Companys Handbook, 
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cor with a right thread on ane 


Fig. 22 Clow Nipple 


‘Push-Nipples are made with 
make a tight joint by contact 
‘and sectional boilers. 

Bushings (Fig. 23) are used 

Plugs and Caps, A plug ts 
‘covering the end of a, pipe. ., 
stock, such as elbows, tees, ¢ 
each of these being made In| 
tion of them may be found ii 


he valve shown in, 
nated as an ANGLE-VALVE, the 
those vilves which go on a str 
the disk which closes the opent 
when open offers less obstruct! 
feason fs largely used on wi 
gate-valve should not be used 





ol 


lobe Fig. 25. Brass Gatewalve Fig. 20, | Section of Disk 
ith Union Globe Valve 





on steam-radiators, All valves used for hot water should not « 
eflow when closed. A union vatve isa globe or anglevalve 
ceo side of the valve. Globe valves are made for screw, union, 
tions, although the Latter is commonly used only on large pipes. 
valves for 2-in pipes and under are commonly made with brass 





svalve with Fig. 28, Showing Obstraction to Flow of Water 
pee Dink in Glode Valves 

her iran or wooden handles. The langer sizes are commonly 
bodies Radiator-valves should have brass bodies and wooden 
lets desired that radiators shall pot be under the control of the 
he room, valves operated by a key may be used. Hotwator 
may also be had with pedal attachments so that they nay bes 
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(Iple glass, multiply the numbers fa the table by 2/ (r++ #), where m is 
ie of thicknesses. 


i Heat in British Thermal Units Passing through Walls per Square 
Area per Degree Difference of Temperature (Fahrenheit) pee Hour 


‘Wall with 
alr-space 


Brick or | 4, | Brick or 
tone | Wood stone 


Single wall | 


0.18 








periment applies to solid woud: It ls evidently of little use whea applied to 
Hiings, since these buildings generally present 9 many opportunities for fons 


bethe Joss of heat through brick walls given by Recknagel and Reitchel 

very closely to the values given above. They also give values for 
fat of heat-loss, exprewed in Btu per square foot per hour per degree 
if temperature, as follows, 





ingle window. ..... 103 
double window: O72 
Ungle skylight, Lop 
double seylight 492 
POPE eee 0.41 
Haater #6 to 2.4 in thick. 6s 
Gasser 2.6 to 3.2 Im thick. oy 





(@ preceding paragraphs and tables it will be seen that the heat-trans- 
Gough ordinary walls employed in building-structures is essentially 
that through glass, ant glass transmits appeorimately © Btu per 
t per degree difference of temperature per hour. This leads to the 
@rmoula, in which (2'— 4) represents the difference between insiche and 
peratures, G the slss-surfaco in square fect, and W’ the exposed 
mo: 
Hm (T=)G+hW) 

formula thould be ailded a correction for the leakage, which is fre- 
Presiod as a fenction of the cubic contents. For residences It bs peac- 
al to wC/ss, where C is the cubic contents of the room, and w is the 
‘theses the alr is changed per hour. A moro national methed for 
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Size of Steam-Mains and Return-Pipes Wal 


{ Heat in British Thermal Unite and Number of Pounds of 
m Condensed per Hour for Different Heating-Surfaces 




















Low presure. High pressure. 
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sHtinhigh | 308 Pe oe 
Jf sin bigh.| 235 as | 
beater, under | 
‘ aes Weve tam 
beater, over 
insane ns eee er 




















fou tadistors have only about two-thlrds the capatity of the American 


Size of Steam-Malins and Return-Pipes 


|. Babcock gives the following rule for gravity heating-systema 
ims, two-pipe system: “The diameter of the steamvmains 
Wailler should be equal in inches to one-tenth the square root 
mains included, in square feet.” If the mains are cov 

be ted in figuring radiating-surface. For the one-pipe 
it.will be safe to use one-ninth Instead of one-tenth fay the 
the pipes are very bong. It is always better to have the 
fsniecessary rather than'too amall, Steammalns should never 








pi 
ing 60 to 180 94 ft, 1¥4-in 


pipe. 
For Two-Pipe Work. iia eae Tt anit ander, 
H-in return; so aq ft to 96 sq ft, 1M-in supply, owen 

1¥ein supply, rin return, 


For Indirect Heating it will usually be sufficteetly accurate te a 
whose diameter is 1.4 times greater than thst for direct beating. 


Carrying Capacity of Steam-Pipes | 
cee Oe eT eee ee 


By A. R. Wollt 


lb prewure 

Diameter | Diameter 

of supply,,| of return, 
in in 














rn ite rs ree oor eae ow 


the square root of the number of square feet of 

for the first story, by ro for the second story, and by 1 for the 
4 building; for indirect hot-water heating multiply above results 
MOT-WaTER HEATING the returo-pipe must have the same diameter 
and the capacity of both should be equal to the total capac 
For equalizing hot-water pipes the tables on page 1272_will 
convenient. The standard tapping for hot-water radiators fs as 
containing 40 #q ft aud under, 1 in; above 4o but not ex- 

AR, 284 in; abowe 72 aq. ft, x54 in, 


of Insulation. Steam and hot-water mains radiate more heat 
Be be proce n othe ca wiih tty eee ee 
tet i needed for warming the space through which the pipes pus 
(@ very material loss in the consumption of fuel. To 
it is customary to cover all pipes in unfinished basements 
substance, ‘The saving in fuel effected by a good cov 


' Covering of Pipes 





n 
Gero portertty stil and seagnat aly and the Rent Shs) 
bes depends upon the power of holding minute quantities in such « 
cannot take plaice. The best known sub- 
of bair-felt, wool, or citlerdown, each of which, however, is 
‘objection that, if kept a long time in a confined atmosphere nnd at a 
eae it becomes brittle and partly loses its Insulating 


ai 


made by wmpping three or more layers af 
72 aarti la orien Sys Fe 
rapping the whole with canvas or paper is auch used. This cover- 
fective life of about five years on high-pressure steam-pipes and tes 
fr on low-temperature pipes. There are a large number of cover 
for ase in such a form that they can be easily 
Wdesired. ‘There isa very great difference in the value of 


Reames es Srvc) ea een 


ra 
oe 


40 diameters: tote valve 125 diameters; entrance to tee Go diam- 

the diameter of stetmn-main to be used te exse there ts a separate 

My the stove renilts try 0.82. For indirect hesting witout separate retarn 
ata Rese benanate fs cos tbe tices tte Sora ite: 








ipe painted with black asphalt 
Pipe painted with lieht-drab lead 
Glomsy white paint 


Sectional Coverings. Te may be seen fom i 
‘and mineral wool are the three materi 
or Maar sisee ee peat eat although betty 
short-lived on steam-pipes. Wool covering fs ex 


* B.C, Carpenter, in Heating ind | 
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| Sectional coverings, molded ani formed to fit different sizes 
the market, and are used almost exclusively for covering steam 
ixtent, hot-water pipes, After the sections are applied they aro 
‘ed by lacquered brass bands. The fittings, such as elbows and 
plastered with plastic asbestos or magnesia and then covered 
died with flour paste. 

¢ data, in connection with the preceding table, will enable tie 
which kind of covering is likely to be the most effective: 


Heating. ‘The system of heating by hot! water consists af clre 
(ter Instead of steam In the radiators The boller, pipes and 
tmpletely filled with water, 
tlation-pipes being attached 
¢ boiler and the retumn-pipes 
the water in the boiler when 
‘reulates through the pipes 
parts with 2 portion of its 
omiing colder and heavier, 
jp through the return-pipes 
where it is again heated. 
jeneral systems of hot-water 
} Openi-tank system, and (2) 
systems, of pressuirc-sy'stem. 
ope-tank system an open 
is connected to the heating- 
(a way as to receive the 
Volume af the water due to 
eat, and is 
ya vent-pipe, 
i the tank. 
pe of expan 
presure-system a similar 
fat the vent-pipe ts closed 
ve, which will open when 
aches a certain point, is 
rerflow-piipe. By increasing Fig. 31. Exparston-tank 
the system, the water may 
the temperature of low-pressure steam, and hence less radiating» 
Mee pipes may be used. 
tem is more generally used, although the closed system in used 
the clesed system is always open to the danger of a serious 
the safety-valve becoming inoperative or from the failure of any 
wnitus This system cannot be recommended for house-heating- 
aed ether moderate-pressure systems, using & mercury scale 
a to the expansion-pipe, are sale. Their highest Pressure of 
maximum temperature of the radiators from 212° F. to 230” Fr 
‘expansion-tank, about the ouly chance for an explosion is by 
the expansion-pipe, cither through freezing or by the chosing 
epive. To avoid this, xo stor. oR vaLyE should be placed. on 
ipe, and it should be well protected from frost. It is usually 
the supply to.one of the radiators in the upper story and the 
fenys be at least 2 or 5 ft above the highest radiator. The 
tank showk! be sumewhat greater than Owe-TwexTrETH of the 
fatents of beater, pipes and radiators, 
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la bot-water heating. the return-pipe should be dropped below the 
all return-risers should be separately connected! with the main 


‘Pipe System. In this system a single pipe is run around. the base 
the onc-pipe steam-system, except that the main hot-water pipe rises 
Giler; the flow-pipes are taken {rom the top of the main and the Water 
(ig through the radiators is returned by w separate pipe which is con~ 
bi the bottom of the main. With this system the water in the main 
Vherever the returns wre connected with it, so that the radiators at 
Jot the system cannot be heated to as high a temperature as these 
Fve the water as it comes from the boiler. A larger main is required 
tem than for system (2). For small jobs, and particularly with boilers 
intal sections, this system may be made to work satisfactorily, but 
Pe system is always to be preferred. For hot-water heating, special 
{made which insure.» more positive circulation than the ordinary 
din steam-piping. 

F Computing Radiating-Surface, diameter of pipes, ete, are given om 
Witeat, and 1242. 

fi Of Radiators and Piping. Ruidlitors are more eficknt when 
Hermeath the windows or on inside walls not facing the windows. 
Hadiators are very inefficient and are undesirable from a, sanitary 
{Indirect radistors should take cold clean air from outdoors anit 
df & that they can easily be cleaned. The boiler or heater should 
a8 close to the chimney xs possible. Steam and hot-water pipes 
thoroughly insulate! where the placing of them in outside walls or 
Bewater pipes cannot be avoided. Supply or return-pipes should 
jim front of cellar of other windows. It is generally, cheaper for 
6f & new building if the Jocation of all the heating-apyparatess Is care 
Mout on the drawings. 

§ Radiators may Increase their efficiency. Recent tests by John Re 
te University of Michigan give the following relative transetssion- 
idiator-paints: * 














‘Trenamission-Value of Radiator~Paints 













Relative 


Kind of swrtace transmisdon 





| 
Bare bron surlace 108 
Copper bronte 076 
Alveninuin teunse 0.752 
Sxow-mhite enamel 1.0 
No-luster green caaanel ry 
Teera<catta enamel 1.038 
Marocs glass japan oo 
Whitetead paint 0.087 
White-sine paint 1.08 


The heat-transmission depends entirely wpon the last coat pat on.” 


jotes on Floating and Ventilation by Jobe R. Allea, publishes by the Domesthe 
Company, Chicagy, I 





(2) Safety. An openstank | 
slon-tank cannot possibly” ex] 
which is quite unlikely, Wit! 
sion, although explosions of ga 

{a) Comfort. ‘There is pro 
steam and hot water, if both 
become as hot as steamradiat 
not dry, or scorcH, the air ast 
heating must be more health 
perfectly controlled by either t 
by partly closing it; whereas w 
or tightly closed. Also, with a 
be run at theif full capacity, wt 
‘out causing or in any w 
system. A hot-water apparaty 
none of the snapping of gurglin 

(3) Flest Cost. On an avers 
more than a steam apparatus | 
‘water apparatus requires nearl{ 
and more expensive fittings. 
_(4) Economy in Running. | 
iven off wales the water is k 
‘off hheat with water ‘ka Coe ead 
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fo weather » hot-water plant will generally keep the rooms com- 
(less consumption of coal than a steam-heating plant. Jn very 
when the heating-apparatus is worked to its full capacity, there 
ference, if any, in the amount of coal consumed for either steam 
‘ating In considering statements as to the economy of differ 
(tems, it should be remembered that the economy of any heating- 
ends largely on the way in which it is run or upon the person 
‘of the plant. 
ges of Hot-Water Heating. About the only objections that 
igainst’ hot-water heating are the increased first cost, danger from 
space occupied by radiators, and the fact that a building cannot 
warmed by bot water a» by steam, It is also more difficult to 
i. sircalation in a large hot-water plant than in a large steam 
in large buildings and those that are not kept warm all the time 
1 objections are of considerable importance, they do not, as a 
din residences, which are kept at a uniform temperature and in 
jp alte of the radiators fs of little consequence, The danger of 
¥ much greater with hot-water circulation than with steam, and 
t hot-water indirect radiation must be used with mach cxution: 
For a residence of cight, ten, or twelve rooms probably 90% 
‘re familiar with both steam and hot-water beating would recom= 
fe. For larger residences and small apartment-houses, about as 
fecommend steam as hot water, and for still larger buildings, 
‘of the heating engineers would recommend a gravity steam- 
er the Webster or the Paul aystem. 
af Approved Methods for Design of Steam and Hot-Water 
Heating. For convenience of application, the following concise 
proved methods of computation for radiating-surface, dimensions 
fate-surface are here given.” 
fue Exposed Wall-Surface. Compute area of windows snd out- 
end one-fourth the exposed wall-surface, 4 W, for each room, 
exposed surface, estimate ceilings as! partitions adjacent to une 
fs from go to 30% exposed. Denote this result by 4. 


‘et Radiation. Compute 2% of the cubic contents of each room, 
seating, take once this quantity for second- and third-floor rooms, 
(tity for first-floor rooms, three times this quantity for halls, 
84) store-rooms, or bank-rooms, twice this quantity; for lange 
& lecture-halls, churches, ete., one-half this quantity under usual 
esate this result by B. 

lating-Surface, Direct Heating, multiply the sum of the results 
tefourth for steamn-beating; multiply this last quantity by fives 
t hot-water heating. 

fensions of Piping, Direct Heating, use the tables given. The 
Tifa one-piipe syxtems of steam-heating, commercial sizes of pipes, 
B accuracy for dimensions of pipes for hot-water heating. both 
Hf flow-pipe being of dimensions shown fn the table. For two- 
Of ‘ateamheating. use the’ speciat table for steam and return 
tbe table referred to above for steam-pipes lew than s ta, taking 
pipe-size smaller then tabulated when above 3 in in diameter. 
tees the diameter of return from the special table. In applying 


* Taken [rom work on Heating by R. C, Carpenter. 




















4 aio Rhts 
iipeste bebe 
Hl Fee 


bs 
to 20% 
of 


in Professor Carpenter's wor 
‘water heating-system, multipl 
then proceed as before. 


Hot-Air, Steam am 


Choice of a System. A 
the methods of heating 
pose. While it. is {mpossil 
believed that the following i 
of heating to be used. io select 
properly put in. In deciding 
‘erning conditions are, general], 
first cost. When the latter « 
ning the apparatus should be 
ght ot Yen toon and coveria 
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end hot-air heating by means of « good furnace. Forresidences 
sq ft, 4 combination hot-air-and-water system i recommended, 
(&-water system. For still larger residences, a steam of hot- 
ts should be used. 
eating. For warming residences not exceeding 3 300 sq ft of 
he author believes a good furnace, properly set and with hot-air 
it size, suitably located, will give the best satisfaction, as it by 
first cost, easy to manage, costs little for repairs, and furnishes 
healthy heat at no greater expense of running than for steam or 
he most common defects observed in furnace-beatin, ower 
Air, vitiatinis of the air by the gases of combustion, and imperfect 
‘the heat. The first two defects may be entirely avoided if 
Ih exerchsed In the selection and setting ep of the furnacé/and in 
fe, and the last defect may be reduced to a minimum by a wise 
yroper proportion of the flues and registers. The casse of the 
heating of a great many houses by furnaces is the refusal of the 
br to pay 
peice for a 
hace 


Ube chamber, passes over the beated surfaces of the hoster, 
the hot-air pipes to the various rooms. The external 

and all portions of the heater which receive beat from 

called the eAnrarinc-suurack. Asa tule, the furpace 

test radiating-surlace In proportion to the ize of the 

Hive off the most heat for a given amount of fuel consumed. 
| of radlating-surface largely affecty the weight of a fernace, 











furnace, and is supplied with 
coal, accelerating and intensifyi 

In the Twenticth Century furn 
within the walls of the pot, which ad 
around the circumference of the: 
fre burns from, ye top down wa | 
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ense heat around the outside of the bowl, This furnace can be 
peatully with steam-coal, The Thatcher Furnace Company are 
tubular furnace that scems to poses considerable merit. The 
jding the heater may be of brick or sheet iron. Hf of brick, it 
of two 4-in walls with a space between, the inner wall being 
On. Kircle and the outer one on a square. ‘The Bxicx-ser fur 
‘as common as they formerly were, as they can be cased as well, 
without occupying so much space in the cellar. When cased 
‘n, the furnace is desigaated ax rortAmte. Portable farnaces 
have two casings with a t-in space between them. ‘The inner 
of black iron, but the outer one should be galvanized. ‘The hot 
into the pipes better if the top of the casing is truncated, as in 





Fig: 34. Consectice of Coldaie Duct with Furnace 


Upply. In a house heated by m furnace, the temperature of the 
{ained by a constant incoming current of hot wir, and it is anso- 
any for satislactory heating that peoper provision be made for 
sir to the furnace, and on mo account should a hot-air farmace be 
telng provided with a direct supply of air from outside the building. 
die may be best accomplished by patting am opening im the external 
Mth the first-floor joist and as far above the geound as the elevation 
Ewill permit. Prom this opening, which should be ovrered with 





‘The Hot-Air Pipes and 
alr from the furnace to the variaus 
fess than 14 in in diameter and of No 


frequently tormed STACKS usual 
partitions in the lower stories, and an 
and low-cost houses the stacks are: 

of tin, and wrapped with asbestos 


of safety double hot-air stacks made 
To providing tor totals stacks, ft 
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Jes of the pipes largely affects the volume of air conveyed, and 
htly a round pipe is always to be peeferred to a square one, and 
to a shallow pipe. In large residences, s-in of G-in studing 
for partitions, so that thicker pipes may be used. Beick flues 
used for conveying bot ir, as the lous of heat by absorption is very 
‘nomical results cannot be obtained, The hot-air registers should 
ile register-boxes made of tin, and the bottom of each stack should 
(poor or roarixe, arranged in such a way as to insure the quick 
‘of bot air from the feed-pipe into the stack, 
AM hot-air furnace-plant, properly put in, will furnish a good 
h air, and therefore afford fairly good ventilation, ff means are 
‘arrying off the foul air in the tooms. ‘The warm air entering a 
necessity force out an equal quantity of the air already in the 
fe often found in the spaces around the doors and windows, but 
ly sufficient to carry away the air as fast as it would enter if un- 
‘oplaces, especially if kept in use, afford excellent ventilation. 4 
vent for obtaining ventilation is by building « large flue in a ventral 
using a galvanized-iron smoke-stack, placed in the middle of # 
(& The space surrounding the smoke-pipe may then be used for 
d docts from different rooms connected with it. Cold-air or exit- 
Id be placed fn rooms likely to become air-bound. The space 
(tadds of an inside wall, if left open to the attic will form an efficient 








if Parmace. Upon the location of the furnace the succesful 
house often depends, and it is a matter that requires careful con- 
(#4 general rule, the furnace shoul! be located Ip the basement, 
Me of the space occupied by the registers, ard a little nearer the 
[ch the prevailing winds come la winter. The tendency, in bot- 
hen the wind is blowing strong in severely cold weather, is for 
the further side of the house from the wind to be overheated, 
against the wind to be poorly heated, the eeglters on the wind- 
fyering scarcely any hot afr. Therefore, to counteract this tend- 
late should always be placed a few feet toward the windward side 
fe previled this does not make the pipes to the general, or family, 
Jomger than the others ‘The height of the basement should be 
LEADERS, or horizontal hot-air pipes below the basement-ceiling, 
feb of 114 fo per running foot upward from the furnace. If there 
fm to these pipes, the first-story rooms will be heated with difticulty. 
te ef tem rooms the farnace-room should have a clear height of at 











ipening: If ealy one external cold-air supply is used, it shoahl he 
be dircetion from which the prevailing winds come. For build- 
bf situations it is desirable to have a cold-air supply from the 
‘of the building also, and to connect the ducts and furnish each 
br so that either duct may be used, according to the directlon 
Casts have been known where the wind blowing from the 
Mon of the cxtdsalr supply has sucked the nir fro the hotse theoush 
hid cold-air duct, thus actually reversing the natural operation of 
‘Two supplies will obviate this possibility 
U Stacks and Registers. To insure the best cesalts, the location 
lieles aind registers should be planned out before the work. of con- 
fis for while the building neét not be planned to suit the beating 
most always happens that the setting of the partitions, swinging 
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| Breated ity but sizes mentioned will produce good results, and, being 
will always be found in stock, In planning work arrange to use the 
fel to. It should always be bore in mind, however, that uniform 
bes not depend so much upon the Actual. sizes of the pipes as upon 
FIVE sizes. For example, in a two-story house of elzht rooms of 
file Stuce size snd the same amount of wall and glaw-atea the best 
faults will be obtained not by using the same size of pipes for all the 
fnif the pipes are of ample capacity, but by carefully proportioning 

the pipes accoring to the exposure, length of the leaders, and 

the room in either the first or second story. ‘The registers in the 
Ty north and west exposures should be « little nearer the furnace, if 
fab the others, and the pipes to the first story should be tanger thas 
fing to the second story. The International Heater Company states 
fn. of capacity of hot-air pipe will heat so eu ft in stores andi go 
burches when there is but one pipe directly over the furnace, 


Table of Capacity of Hot-Air Pipes and Registers 














Equivalent | Equtvatent | Srecein | } Space bn. 

> ‘fAirst story third story 

fe round or | in square of “4 “) 
eae oe) rece Ne FY saute | sate wil 
Pe. | " heat, will heat, beat, 
i aia oat cute |) owt 
‘7 Pray a. $0 
| 7 4X10 = so 
i=" s 4x10 890 a8 
Ys tee reo | tego 
9 axe 1a | tao 

9 x 139 | rao | 
1 4aXg 1 630 | 1 aco 
© 6x10 3c | age 
{| 6x10 | | 200 | ame 
fo 6x2 | 290 | 2500 
Pe ome | exis. -| | a0 250 | 

2 | 6x afo | ato 
a | xu afeo | ato 
u 6x6 | 3D a 
n exa6 3000 390 
“4 oxen 330 dao 
6 axas | aoe | ease 
46 sxi8 | 4000) ase 
1" teXz0 $40. | 5150 
x | toX2 6 000 7 000 7490 











© Slees recommended for general use, 





ip Box. Tho sectional area of the coll-ale box should be equal to 
[BS of the aggregate sectional area of the lenders The box, oduct, 
hover ta lit deep for dwellings, and wide enough to Kive the required 
hea. Tt should also always be provided with a damper, so that the 
¥ be regulated to the beavy winds and extreme cold weather, 





and whenever pipes run near 


suppl 

ered with tin and protected from 
remove all rubbish, made by him, 
| apparatus tn complete wating, 





Tinlite of the furnace to do this, the contractor, at his own expense 
(unnecessary delay, i cither to make the furnace heat said rooms 
@ another furnace that will heat them. 


‘Hot-Air-and-Water Combination-Furnaces 


s- It is quite difficult, if not impossible, to heat 
throughout, more than + 400 sq ft with warm sir alone, 
ee en ee the increased length of leaders, 
to supplement the warm air with aa heat which 
to remote and exposed parts of the house, and which will not 
by of wind or long and crooked pipes. For supplying this 
fat, hot water hes been found best adapted as a rule, and a great 
) nor pep caer are now made which contain provisions for 
which may be carried by pipes to radiators located in those parts 
© most difficult to heat be Peg ‘Such 


by direct steam-radiation. Safety-valves are provided so that 
Wressure cannot exceed 5 Th, and if the directions for running the 
fe followed, the apparatus is perfectly safe. The steam-combina- 
fs some advantages over the hot-water combination, and for a large 
‘author believes that it will give more satisfactory results with in- 
‘agement. 


‘ation for Hot-Water Heating-Apparatus in « Residence 


= eet. roo free from all flaws and defects. The 
P atin, foon dation ol boc rik fold copak Fade 

contractor, Furnish and deliver one set of fire 
ome poker, one slice-bar and one fae brush and 


Ve 


F 
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of direct surface and 228 sq ft of indirect; total surface, 512 
(radiators to be (American Radiator Company's Rocco: hot- 
tio high 
ich radiator will have properly connected to it a nickel-plated 
jened and closed with a key. 

Lk.” Bach direct radiator will be promptly connected to the 

‘with a (Gimey) quick-opening nickel plated radiator-valve 


fon. ‘The indirect radiators to consist of two stacks of the 
itor Company's Excelsior) hot-water radiator connected to- 
t joints and firmly suspended from the basement-cellings by 
fron hangers. ‘The stacks are to be s piped and hung’ as to 
‘olscloss and constant flow throughout of the heated water. 
| enclosed in galvanized-iron chamber with proper inlet’ for 
prresponding outlet for warm air, connected ‘by a galvanized 
bt im the roam which the stack is intended to‘heat, The regis 
Tuttle & Bailey pattern, clectro-bronzed plated, and of the 
hall, 12 by 19; sitting-room, 14) by 22 im Registers sto 
‘and to be set in register-bores. ‘The pipe connecting, the 
ff is to be so arranged that all fresh air coming in will be 
and conveyed, without loss, to its destination. In arranging 
ine is to bo exercised in getting ample space for cold alr under 
corresponding space for warm air over the stack;, unless other~ 
fs space is not to be less than t2 in above and 10 in below the 


pe. All dow and return-pipes and fittings in cellar above the 
Hy covered with r-in hair-felt neatly sewed up in canvas and 
‘of good white lead, or to be covered with asbestos or magnesia 
pwwith canvas cover and yecured by lacquered brass bands: 

fe Cover all exposed parts of boiler, except the front, with 
4 in thick, neatly applicd and troweled smooth. 

All work to be done in a neat, substantial and workmanlike 
‘apparatus, when completed, to be thoroughly tested and left 
(Gtder, 
he contractor is to guarantee that the apparatus, when com- 
bce with this specification, will be of ample capacity to evenly 
erature of yo" F. in the rooms in which radiators are located 
temperature is at zero, and that the apparatus throughout 
ind rapid drculation whes In operation. 
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uirements. For indirect radiation, steam-heat is generally 
er.thaa hot-water heat, and in every way as satisfactory. 
sidences, the author would recommend steam-beat, all of the 
to be heated by indirect radiation, and only the bath-toom, 
6 the attic and one or two rooms on the north side, which gen~ 
e-dining-room, by direct radiation, For dining-roams.a speck 

toatalning a warming-closet, is made. The ait-supply to the 
hould be very large and provided with a damper, so that the 
jgulated according to the weather. The same principles apply 
ence by steam as in heating any other builling, and there ino 
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(eet same to sewer, and vent with s4-in pipe to roof. (Cateh- 
omitted in house-heating, a hose being’attached to the blow- 
Fing off.) 

Contractor is to connect the boiler with the chimney with « 
made of No. 16 galvanized iron with suitable balancedamper 

to be of same size as leit for this purpose by maker of boiler. 


Risers. ‘The main steam-plpe Is to be of ample slze to carry 
radiators attached to the system, and is to be so graded that all 
ation will flow freely back to the boiler without noise, From 
fain the various branches are to be taken to radiators and rlsees, 
or which are to be 40 made that no traps are formed, and when 
‘ccur they are to have a relicf-pipe to carry off all water of con 
‘ntele fittings only to be used on heating-mulas where reduced 
supplies to radiators to be 1 in to 24 8q ft, 134 in to 60 sq ft, and 
te this amount of heating-surface. Radiators on first story to 
fect to steam-main. All horizontal pipes to be one size larger 
pipes. All steam-connections from heating-main to radiators 
(ona 45” angle from beating-main and to be one size langer 
adiator-feeds. 
tings. All pipe used throughout is to be of the best quality 
¢ of standard weight and thickness, smooth Inside, free (roa 
(true to shape. All threads to be clean-cut, straight and true, 
eof the best heavy gray iron, with taper-threads and to be 
No inferior pipe or fittings will be allowed. Alf couplings usesd 
heat make, with recessed ends, except reducers, which are to 











piping to be supported by approved expansion-hangers of 
feed 10 ftapart. Neat cast-iron floor and ceiling-plates are 
tplpes poss through floors, ceilings and partitioas. 
irnish direct radiation to the amount enumerated on the plans, 
fh Radiator Company's) make. All sin radiators to be the 
ern. All radiators 14 in high to be (A8tna flue) endistore 
iss The radiators sre to be furnished with Jenkins disk union 
it ulekel-plated metal and are to have hard-wood handles. 
lves 2 fit and under to have brass bodies and fron wheels; over 
‘cast iron with brass stem and trimmings and iron wheels; all 
‘over to have heavy yokes. All gate-valves to be of (Jenkins) 


tadiators. throughout the entire building are to be furnished 
Womatic air-valves, 

‘All pipes in the cellar above the floor to be covered with 
Fimagnesia) sectional covering with canvas cover and secured 
fuss bands. 

Bronzing. All radiators and exposed pipes in rooms or halls are 
Ginted two coats of best radiator-enamel or bronzed In desired 


jm completed, the apparatus is to be tested to aot steam 
ide tight at that pressure, said test to be conducted under the 
te arehiteet. Fuel for the test to be furnished by the owner, 
ted the apparatus is to be turned over to the owner in com= 











1 stack to contain 72 5q ff 
1 stack to contain 36 sq ft 
be. x stack lo Contain 24 sq ft 


be placed in cithor the supply of return to radiating-stack, 
tomatic airvalve is to be placed on each stack, 

hetor fs to furnish and set ip position tn each room heated, 
resister with a deflecting dansper, of the size shown on plans. 
Ustery to be bronze finish, and all others to be black or white 
shall be selected. 

tdelron Work, Contractor is to furnish to builder (who is to 
own on plans) all tin wall-pipes and register-boxes for hot 
be heated, all to he macle of EX tin and of tho sizes shown on 
is to furnish and erect the galvanized-iron casings for the 
specitied, with galvanized-iron duets to the outside openings, 
sd in a substantial and workmanlike manner, 

contractor is to guarantee that the apparatus when com- 
tiple capacity to maintain an even temperature of 70°F. in 
hen the outside temperature is zero, and that the apparatus 
(ation throughout and be noiseless in operation. 
ence-Heating. Much valusble information on residence~ 
Mained from pamphlets published: by different mamulac 
mare the American Radiator Company, the International 
the Gurney Heater Manufacturing Company, Gorton & 
Peete Sree © Cocoa eee 
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Dimensions of Registers and Borders * 
Made by the Tuttle & Bailey Manufacturing Company 
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[For special slide-wrall regliters, soe page 1770. 
[These sizes are thove mout likely to be found in the stock of Socal dealers. 
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Estimated Capacity of Pipes and Registers 
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‘Tables of Heating-Surface of 


Pipes im 


€ of Steam-Supply Pipes and Square Poet of Direct Radiation They Will 
Supply with 3 Pounds Steam-Pressare* 








Distance of radiator from boiler, in feet 
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| Useful Memoranda. Hot-Water Heating 


of ascertaining the amount of heating. 
risers, the following table ts used. 


2“ 


MEASUREMENT OF FLOW-PIPES AND RETURN-VIrES 


earlace In dowpipes, returns 





Surface of pipe covering 
Sein hairfelt and 








Table of quantity of 
water contained In 109 
linear feet of pipe of 
different diameters 
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the surface, multiply the length of pipe by the figures gives in 


Ie, always pointing, off two places. 


Fe \s00 lin ft of 2-in pipe multiplied by oy equals 170.99 ft. 





* Nominal diatietees standard steam 
To fied the oumber of ato pipes to 


Example, 
In the column headed s. and oppenite 2, new 9.4 i8 upiper 
equivalent oumber of a-In pipes. 


{in will supply 2 

1H-in welll supply. 

t}ein will supply 2. 

2 in will supply 2, 

ain will supply 2 

3, -in sill supply tae 
Stein will supply 2 2}pan. 
4 in will supply & Shan 
4}4én will supply r 3Mebn 
5 


ipply 1 

will supply 2 4 in 

J An will supply 18 in 
\_B Awsiliwepely 26 ath 








r Table of Boiler-Tube Data 4 
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superbeating steam, or transferring beat from one liquid or one gas to another the mean surface of the tubes is to 





be taken. 
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* Lo estimating the effective steam-beating or boller-surface of tubes, the surface in contact with air, or gases of combustion (whether internal or 


"These tubes are also made fn sizes varying by x in from ro to a1 in. 


For beating liquids by steam, 


external to the tubes), is to 
‘be taken 
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Smoke-Prevention 


Classification of Services. 0. i 
‘of Health of ‘Tennessee, published tn } 
the great number of smoke-prevention 
that date as follows: 
(x) Mechanical Stokers. They tect a material 
firing and are efficient 
and when the coxtl does not cake Taal . 
don changes in the rate of firing frequently der 
(a) ate in ben ee ratleeannd 
when pasing Is heated. results are always 
difficult to keep clean and in order, ale 
(3) Coking-Arches, or spaces In. front of the u 
the fresh coal is coked, both to prevent et 
them to pass through the hottest part 
The results are good for normal exeditions 
forced. “The arches, alsa, are bummed oat 








Ventilation 1277 


or parts of the grate next the furnace-doors reserved 
king the coal before it Is spread over the grate. These give 
the furnace is not forced above its normal capacity. This 
dof coxx-#ninc mentioned before. 
Purnaces, ot furnaces in which the air is supplied to the 
te and the products of combustion are taken away from 
thus causing a downward draft through the coal, carrying 
lown to the highly beated incandescent coal at the bottom 
bn the grate. This is the most perfect manner of producing 
Ubsalutely smokeless. 
0 draw air in or inject sir into the furnace above the grate, 
t air and the combustible gases together. A very efficent 
lit one lable to be wasteful of fuel by Inducing too rapid a 


placed In the furnace above the fire to ald in mixing the 
vith the alr. 


veces, of which there are two different styles, nelther of 





es which seem to have proved both practical and eflective 
joke Prevention Company of America and of the American 


Ventilation 


prtied to a room or building consists in supplying pure alr 
out that which has become vitiated. Perfect ventilation 
hg an adequate amount of fresh air warmed ot tooled to 
femture in such a manner that the circulation shall be con- 
in all parts of tho.room or building and at the same time 
tof drafts, Ventilation may be broodly classified ms MON 
ferEMaTic. 
| Ventilation may be considered as including all ventilation 
systematic provision for the admission and exape of the 
ve for moving the air. All rooms in a building of ordinary 
@ tome ventilation whenever the temperature of the room 
hat of the surrounding air. Pettenkofer found that by dif- 
walls the ale of a room in his house containing 2650 cu ft 
fwery hour when the difference of exterior temperatures was 
fame difference of temperature, but with the addition of a 
fe the change rose to 5 320 cu ft per bour. With alf the 
\gs about doors and windows pasted up airtight the change 
<u ft per hour.* Even in the case af direct heatiag, where 
{supplied for ventilation, there will be a change of alr by 
in the room which the writer has found practically met by 
Lito foe one to three changes In the cuble contents per 
lie is introduced into a room, as by ordinary indirect or bot- 
al amount of air must be driven from the room, or if air ts 
yas by the draft fn s fireplace, an equal amount of ait must 
leating by hot-air furnaces and by indirect steam or bot- 
|pemerally provide Sufficient ventilation for peivate residences, 
Nelpal rooms are provided with fireplaces or ventilation-Aues. 


tig and Ventilating Bullies, R. C, Carpenter, 























more often through the risers of the fo 
Size of Flues. ‘Theslze of the i 
dy the quantity of air to be moved and its ve 


sectional area of ue fn sat 
© "Peis amoumh la vecgiiteth toy ash 
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flocity will depend upon the motive power, the length, shze, 
je-of the fluc, the number of turns or offsets, and whether the 
‘horizontal, so that after the theoretical size of the flue has been 
actual size will oftentimes need to be increased by an amount 
Jetermined largely by the judgment of the designer, For this 
ble practical experience with forced hot-air heating and ventilat~ 
lo lay-out the system of flues to the best advantage, and the 
lesigning such a plant will do well to secure the assistance of am 
Inaystemsof ventilation the ialet-openings should beof such skae 
Jamiount of air may be intreduced with a vélocity not exceeding 
when the inlet is s ft from the toor or 28% ft per minute when 
Hoot ot fn the walls near the floor. In figuring the size of ondl- 
(e required area should be increased about 50% to allow for the 
1 With light grilles of ie by Mela fron an allowance af 10% 
Pe sufficient, The velocity of the air in Vexticar #LUES supply- 
ould mot exceed that through the opening by more than 50%, 
Jocity in the vertical flues of from 490 to Soo ft per minute. "The 
bugh the connections to the base of the fluns should in tars be 
(t Uhrough the flues, while the velocity in the main horizontal 
ts should be still higher. “In fact, in schools and churebes the 
lo gradually reduce velocities from the point of leaving the fan to 
henge to the rooms. Careful investigation has shown that, every~ 
|, the velocity in the main horisontal ducts {rom the fam should 
00 ft per minute and proferably 2.000 ft per minute." * The 
fs of eduction-fues when air is forced into the rooms by a fan 
(wu-thinds to throe-fourths the sectional area of the induction ues. 


he Quantity of Air, in Cubic Peet, Discharged per Minute Through 
of Which the Cross-Sectional Area is One Square Foot 
= or tie ga” Py; ALLOWANCE FoR FRICTION, $0 ret CENT. 














Mroess of temperature of alr im fie above that of external air 
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Ventilation aad Heating. B. F. Sturtevaat Compas. 
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irge brick chimney, utilizing the space around the flue for venti- 
eat which escapes from the flue will cause w good draft without 
s Addraft may also be produced in a ventflue by means of coils 
(8 placed in the flue just above the alrinlet, or a gasbeater may: 
for beating the Suc. ‘Tho draft produced! by aspiration ix not uite- 
to draw alr any distance through horizontal ducts. Natural sys- 
ifation are only effective when used in conneetion with warming 
(ventilation in warm weather, 


(ms of Ventilation. Ventilation by means of a fan may be effected 
wo systems: (1) by the rinxuat-sysreat, in which the ait is forced 
f to be warmed and ventilated, or (2) by the exw#avsr-svstea, 
leis exhausted from the room. 
fust-System. There are many objections to the adoption of this 
ts rule it should be avoided wher the plenum method can possibly 
th the exhaust system a partinl vacuum is created within the 
(currents and leaks are Inward, 30 that alr rushes around doors 
Hiforming unpleasant and sometimes dangerous currents of sir. 
pm of the air im the room is also less thorough whee exhausted than 
fn. ‘The exhaust-system as a rule i used principally for affording 
1 bot weather ot for removing disagreeable odors, dust, etc, foe 
fe it is both economical and effective when properly installed. 
im-System, or Hot-Blast System, on the other hand, maintains 
fire in the room or rooms ventilated and the leakage fs outward 
(ward, By this system the temperature of the air and point of 
feompletely under control. For beating and ventilating theaters, 
Inege schools and churches this bs undoubtedly the best system that 
ped, and, with the possible exception of churches, is as econcanical 
Maintenance as an indirect steam-heating plant, white afording 
{flation and greater comfort. This system has also been applied 
ings, factories and buildings used for various purposes, The sys 
(used in summer as well as in winter, and by providing a coolings 
fase may be cooled to any desired temperature. As ordinarily 
(eoed-blast system consists of m heater and fan with flues and ducts 
the sir to the various apartments as explained on page 1234, and 
faratus, with the exception of the vertical dues, is usually located 
(ent. 
ins of ducts are commonly employed, the single-duct and double- 
A typical arrangement of the single-duct system b shown In 
t@ fam bs located at one side of the fresh-air chamber, so that air is 
at of aifd is forced through the heater into a warm-air chamber 
One large duct with distributing branches is taken off. A by-pass 
© that & portion of the air passes under the heater without being 
Uby meins of adamper at the mouth of the duct more or less of 
tay be mixed with the heated alr ax desired. With this system all 
faveyed throwsh the ducts is of the same temperature. With the 
Pi the tipper duct conveys only warm air and the wader duct 
the mixing-damper ts placed at the bottorn of the riser to cach outlet 
fm the temperature of the air to each room may be rerulated inde- 
[Whe others A modification of the single-duct system is commenly 
Hing schools in which a large double chamber is located near the 
Ki-one portion being at! all times filled with warm air and the othor 
eo ale, From this double chamber le dact fs bed to ewe 
he connection is male with the chamber in wuch a way that either 














which should be located as high 
odmit. 


Forced Blast in Connection | 
wad charches have been suce 
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ve some advantages, especially in economy, aver the steams 
lescription of such a system with illustrations may be found in 
Idee’s book on Churches and Chapels, page 148, 


i types® of fans are used in conncetion with the heating and 
buildings, the D18k-Pax, the STERL-PLATE BLOWER oF PADDLE= 
(le MULTIVAWE-rAN and the comn-rAw. The piskeran receives the 
and delivers it at the opposite side, the principal motion of the 
Del with the axis, This type is only used for exhausting air, and 
ised for ventilating single rooms tn warm weather. Most of the 
sed for ventilating kitchens, restaurants, etc. aa of this type: 
DROTME PADDLE-WIEEL PAN are the types commonly: used with 
it systems of heating. It ls set in a steel casing and is provided 
to eight blades. The tips of the blades are bent backward with 
¢ direction of rotation. ‘The avnrivancoran is provided with 
Jes with the tips bent forward. ‘This fan hay great capacity’ in 
the space occupied. A well-known example of this type is the 
tie by the American Blower Company, and also the Sturtevant 
(made by the B. F, Sturtevant Company. The CONe-FAW is & 
the peddle-whcel fun with converging entrance-passsges. A fan 
\ey is made by the Buffalo Forge Company. Fans may be driven: 
\g countershaft, from an engine directly connected, or from an 
orwater-motor. Fans are commonly driven by an electricmotor 
ve found the most convenient power under most conditioas In 
are not used much in warm weather, and in buildings where 
up all the year round, a small steam-engine will generally be 
‘al, especially when the exhaust-steam can be used for heating, 
(some noise, hence they should be located where they will he 


{ Fans. The catalogued capacities of all makes of fans are their 
nrunnliy Hight In the open afr, not being attached to any ducts 
K_ These capacities will be reduced from 25 to 50% when 60 
ding on the leagth of the ducts and the method of distritvation, 
lacity of fans for forcing air through heating-cofls and ducts it is 
II the peripheral velocity of the fan-blades equal to the Finear 
ir, and to take Owx-MALr of the theoretical delivery as the actual 
lw peripheral velocity & obtained by multiplying the revolutions 
the circumference of the wheel. ‘Thus # fan 6 ft in diameter run> 
tlons per minute has a peripheral velocity of 200% 18,84 = 3 768 ft 
Deducting 40% for less, the actual velodty of the alr would be 
bute, ‘The discharge-opening in a fan 6 ft in diameter will have 
of at Teast 11.5 sq ft. Multiplying this area by the working 
be 21 666 cu ft per minute as the probable actual discharge af the 
Il, of Deteoit, who bas had extensive engineering experience with 
Mems, says that the MaxmmeM Limrr oF svexD without serious 
tsure-blower having from six to ight blades, is 2 500 revolutions 
that except in rare cases the blower should run at from 18 to 
b per minute. ‘The multivane-type of fan is adapted to run at 
hhout noise up to x 500 revolutions per minute. Witha disk-fan, 
utlon only, the velocity should never exceed goo ft per minute, 
(Bowe, the actual capacity when connected with a heating and 
tem will be reduced from 25 to 50% frees the values in the table 


























ben ef fans ae Mlustrated in Carpenter's Heating aed Ventilating. 
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ired for Fans, The officiency of fans under working condi. 
ibout 50%, Consequently the actual power required will be 
‘etical. The theoretical power can be expressed by the follow+ 


(Be theoretical horse-power; 

Q= cubic feet of air per minute; 

W = pressure of aie i inches of waters 
(O= pressure of air ia ounces per #4 inch, 


CHIMNEYS* 


chimney is required for two purpeses, (2) to create the DRAPE 
proper combustion of the fuel, and (2) to furnish » means of 
noxious products of combustion into the atmosphere at such » 
ground that they may not prove a nuisance to people living in 
he chimney. A good draft is absolutely ewential to the satite 
omical working of either a heating or power-plant, and it ts 
‘0 build too small a stack and thus limit the boiler-eapacity. 
of combustion are poisonous, as in the case of smelters, oF 
‘& tall chimneys enhance the value of surrounding property, Hl 
hore than the cost of the chimney, and should be required by 











thimneys.t To produce an effective draft tn the furnace a 
festzy and mmronr, Each pound of oval burned yfelds from 
the volume of which varies with the temperature. 

Wt Gas carried off by a chimney io @ given time depends upon 
€ of chimney, velocity of flow and density of gas. The density 
ly as the absolute temperature, while the velocity depends 08 
the draft and the frictional resistances of the stack, breeching, 
A fuel-bed. In designing # stack it must be made of suificient 
be proper avallable draft above the fire in the famace-chasnber, 
‘th this for the operating and furnace-conditions which exist at 
ata; ft must often be 250 ft high or aver. 

of Draft at the base of the stack is independent of the slzc, 
unt of friction which exists Ja a well-dealgned stack Is neglected. 
tpen the difference in weight of the outside and inside columns 
tes directly with the product of the height into the difference of 
his is usually stated in an equivalent column of water and may 
porsibly 2 in. 

Maximum Draft for any given chimney the bested column 
at the external air 62°F, multiply the height above the grate, 
75. The peortuct is the draft-power in inches of water. The 
{eaer required varios with the kind and condition of the fue 
(ss of the fires Wood requires the least and fine coal or slack 
burn anthracite slack to advantage a forced draft of from 4 to 


fuchlel bas received valuable ausistance and data for the revislon of 
Henry ©. Meyer, author of Steam Powerlants, Their Design and Con- 
hrenck: 4 Wikox Coenpany, the Alphons Cestodis Chimney Comatruce 
‘Re Heinkcke, The Heine Chimney Company and The M. W, Kellogg 


ihoox Company, 
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s for Howse-Heaters. Chimney-flues for beating-appa- 
be ample in size and carried as nearly straight as possible from a 
he cellar-floor to above the hizhest projection of the rool. ‘They 
Hependent, having no connection with other flues or openings and 
le same arca from top to bottom. A. well-jointed tile flue, prefer- 
fa better than a square brick fluc of larger area. ‘The chimney-flue 
‘tried 3 or 4 ft below the smoke-pipe entrance and provided with » 
lor at the base, tightly fitted, to facilitate the removal of accumu 
ind soot. The size of tlucs may be calculated from the following 
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Paable gives the probable size of brick flues for buildings of various 
its. It is approximately correct and may be used in determining 
a chimney during preliminary operations for the preparation of 
bs; the exact size should be determined after the actual amount of 
1} & building is determined. Lndirect radiation should be counted as 
han direct radiation and corresponding areas of flues be provided 
jnount of radiation determines the requisite size of boiler, and there- 
(a of the flue. No chimney-flue should be less than depth, 
taller sive than the smoke-pipe from the heater. For a xrrcHeN 
by S-in tile due will gencrally answer, but an 8 by t2-in flue is 
‘texriaces the sectional area of the flue for burning wood or 
coal should be from one-tenth to one-cighth that of the fireplace- 
& rectangular fluc and one-twelfth for a circular fiuo, ‘For burning 
pal the above proportions may be reduced to one-twelith and one 
pectively. When practicable, chimneys should extend above the 
banding roof, to prevent down-drait caused by eddies. When this ts 
lea revolving chimney-top will often prevent down-draits. ‘They 
‘en be avolded by covering the top of the chimney with a stone flag 
fpenings in two parallel sides of the chimney, the sides parallel to 
the adjoining rool or building being chsed. The watts or THE 
Pbe as smooth xx possible. Tile fluc-lining is preferable. Brick 
be cither smoothly plastered on the inside with rick lime mortar 
| should be filled full and struck with the point of the trowel, If 
pelald ln cement mortar, the author recommends striking the fotmts 
Tastering. The walls of attached chimneys with flues not exceeding 
nay be 4 fn thick for heights of soft. Fives 22 by x2 inand larger 
‘walls & in thick to within ro ft of the top. Aside from strength 
thick walls are preferable to thin walle 


of Chimneys. A general rule for thediameter of the base of brick 
ending free, approved by many years of practice io England und 
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Liat of Tall Chimneys (Continued) 




















in Clough Mill, Scotland, Messrs. Crossley 
C. K. Williams & C 
| -g England, Dobson & Barlow, 











Eastman Kodak Co, (two chimuey)......-. 366 9and 15 
es ~ Orford Copper Co, (two chimneys). x65 to 
a, Pall River Tran Co. 39a 


i Heller & Merz ‘Company. 








4 Moy St. Joseph Lead Co., 390 
(NJ Clark Thread Co, 388 egal 
tssia, Germany, Wessenfield & Co, B3t ws 
Feotland, Gas-Works. yee 
‘Teon., Tennessce Copper Co, er) 
|Lnd., Lodianapolis 1 00 
| England, Brook & S ats P 
England, Adams Soap-Works.. au 
RL, Rhode Island Suburban 3816 


fity, N. ¥., New York Steam Heating Co... 
and, P, Dickon & Son, 
tgland, Mitehell Brothers. 
Mh, American Smelting and Refining Co. 
American Smelting and Refining Co. 
Steptoe Valley Traction Co,, 

Copper Queen Cousolidated Mining Co, 
Keat., England, J. C. Johnson. 
fy Merrimac Manufacturing Co, 
hand, Camperdown, Linen Works Cox Bros. 
Ince, Sehneider & Co..... . 
lity, Manhattan Railway Co, : 
{th Lancashire, Darwin & Mostyn Iron Co. 

















ee 

| Pa, Southern Electric Light and Power Co. 
« Mo, Metropolitan Street Railway Co.. 

fo Solvay Process Co...., ++ 

Eng. Barrow-in- “Furness, Hematite Tron Co... 


SLSLATESE STE TERE 





1 








gland, Manningham Mills, Lester & Co... as6M 

Neu New York Assy Offi... 500 a6 
NHL, Amoskeag Manufacturing Co. 8 
frland, England, Hematite Iron Works 950. as 
Fnland, Story Brothers, 830 wh 
fass, Washington Mil 250 

4, Steptoe Valley Traction Co. 350 





M4 by the Alpbons Custodis Chimney Constructloo Company, New Yedk 
Kivi 3: Balak, Incerponted. New Nash Cy, 

Company, Chhongo, Tl 
iy Thea Kallogs Company, New Youk Clty. 





*Kansas City, Mo., Armour Packing 
“Boston, Mass, Edison Blecteic Ila 
“New York City, Jacob Ruppert fo 
aE Del. is Bancroft & So 
Niagara Falls, N.Y. Acker Proces 
Mich., Solvay Process Co, 
ee 's Inland, P. Q., Wayaganac 
‘Cheshire, England, 


Connah' oes 
*Kansas City, Mo, C 


Consolidated E 
Bradford, England, Newland's Mil 
"Cleveland, Ohio, Cleveland City R 
Boston Navy Yard, Mass ..... 
Chicago, IIL, Sears-Roebuck Co, 
Providence, RK. I., Narragansett i, 
{Dayton, Ohio, National Cash Regi 
inocket, Me 


Hardwich, Dovercourt, England, 
fIndianapolis, Ind., Indianapolis Wi 
Lowell, Mass 
{Milwaukee, 


Orendorlf Co 
$80. Bethlehem, Pa., Didier March | 
{New Orleans, La., American Sugar 8 
{Grand Rapids, Mich., Waterworks 
fLowell, Mass., Hamilton Manufact 
“Edgewater, N. Ju. Ni 
‘Washington, D.C. St. 

Woolwich Arsenal, England, Shells] 
Northileet, England, F. C. Gostling 
|(Blizabethport, N. J., Plymouth Co} 
Ivorydale, Ohio, Procter & Gamble 
Lawrence, Mass, The Lower Paci 
The Fidetity Ins) 


Coltness Tro 
Wilmington Del., City Water-Wor 
Philadelphia, Pa., Finley & Schlect 
Camden, N. J., Highland Mill, 

Ironton, Ohio, Etna Iron-Works, . 
Shamokin; Pa., John M. Sharpless | 


* Constructed by the Alphons Custod 
City. 


+ Constracved wy TA. B. Ne’ 
 Commtroctel yy the Retin CN 

4 Constructed 'oy “Te MH Bathe 
1, Reiaforoe’ conentie. 





























‘an, Winnipeg Agricultural Colleae 


structed by H. R. Heinicke, Incorporated, New York City. 
istrwcted by The Heine Chimney Company, Chicago, I}, 


tk Chimneys. These chimneys are built with special blocks 
| the circular and radial lines of cach secthon of the chimney so 
ied brickwork has joints of an even thickness throughout and a 
Wh surface. ‘The blocks being much larger than corumoa brick: 

from one-third to one-half as many joints. Radiabbeick chim- 
(aciroular in plan above the base. The beat form of base is octag- 
lection #0 ax to permit the breeching to enter the chimney at a 
Mat the same time comply best with the rules of stability. Ex- 
(calworks, ‘ies, furnaces, etc., radial-brick chimneys are 
tnagle shell, a ining only belug provided in the immediate vicinity 
fance. All radial bricks are perforated vertically and this insures 
ing and allows the mortar to enter the perforations, thus forming 


borage. 
ks for chimney-construction have been used extensively in Eng- 
fy France amd Russia since 1870. They were not tntroduced Into 
however, until 180%. About forty-five years ago (1869 of 1870) 
ids, of Diisseldocf, Germany, originated a method of building tall 
railal blocks, made from selected clays and burned at a 
perature, and in 1898 an American company® was formed for the 
‘etiing chinineys by this method of construction. Since that time 
hrough various agencies has built more than six thousand chinineys 
the world. ‘The tallest and largest chimney in the world (cgty), 
A.g0 ft In internal diameter at the top, was built by this company 
| Boston & Montana Consolidated Copper and Silver Mining Com 
{ Falls, Mont. 
Helnicke,t of Chemnits, Germany, builder of the 46o-(t stack at 


Cntertis Chimuer Comrtrvction Company, 
Welatte Iacorpurated, New York Clty: Pg Yet Cn 
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chimneys constructed by the He 
the St. Joseph Lead Company's 
this chimacy ftand tho ine 
‘The W, M. Kellogg Company 
chimneys for power-plants, chem! 
yttant chimneys put up by t) 
already given. Some of the detai 
companies mentioned. One of t) 
the corrugations on their bricks. 
deep and are placed along the we! 
¢ adhesion between the bricks 
i claimed that tests made she 
corrugations it fs not consideret 
chimneys to prevent the develop 
work has sometimes been inserte: 
is aimed that this désign is somes 
constructors, this company holdin 
of Joss than as tb per sq ft of el 
erected by this company ma; 
Adis., erected for the Copper ou 
Reintorced-Concrete Chimny 
rete came into quite extensive | 
some were built before that time 
them io use, While the methot 
areatly in later years those used. 
Prove that many of those first bi 
Jastances, no doult, eliorts ‘rw 
oe Wane 
VeRO 











atin cate taal se ee ato eink iba fon ned 
pickess of the inner sbell Ix usually 4 in and the material used is 
crete, the former having greater resistance to very high tem~ 


usually consists of Hi-in rods set from 2 to 2 ft om 


to wied:prewure is taken care of by the outer main 
di to resist also the jure-stresses due to the difler~ 
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(2) HYDRAULICS 


an incompressible liquid, weighing, at the a 
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Head in feet 
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This table shows, alsa, the relative discharging capacities of loug pip 
one pipe is equal to two g-in pipes, to nearly six G-im pipes o 
three s-in. pipes. 
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Table B. Flow of Water in House Service-Pipes 
‘Thomson Meter Company 
‘To find the discharge in gallons, multiply by 7.47 
























Discharge in cuble feet por minute from the pipe: 
Nominal diameter of iron or lead service-pipe 


| i th 
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inches 
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E may alto be esed when the pressure is in feet-bead of water by reductog 
fs feet to, poands per square inch by Table A. Thus, if we wish the 
per minute through a in pipe 100 ft long with a head of ro fl, we 
‘Table A that a head of 70 ft corresponds to a pressure of 10 Th per se 
bmi Table £ we find the discharge through a 4-iu pipe 100 ft long with 
Hof go tb to be 1.84 cu {t per minute. 















‘Tho following table gives the friction-loss 

for exc roo ft of tength fs clean tron pipes of different 
quantities of water per minute, ‘This frictionloss is greatly 
‘of irregularities in the pipe, 


‘To find the Irkction-headd Us feet, multiply by 25 
— SS 






















‘Sites of pipes, inside diameter 
Gallons 
per minute 
Nin | rin [am asin | ain | 24in| aio 

5 om 
19 1.05 
5 23 
» 4y 
ss be 
» 9.15 
a 4 ) 
* 16.5 1,0) 
4% 3 203 | 
= 49 24) 
= He + 
eo weaeee 946 
ns ne 
199 pad 

war 

aS 























Water-Pipe is usually tested to 3601 pressure per squsare fnch belt 
and a hammer-test should be made while the pipe is under 
length for each section of cast-iron water-pipe is from #2 ft 4 to! 
pending upon the depth of the socket, each length making appessit 
of pipe when laid. Pipes from 2 to 4 in diameter are sometimes & 
o-ft lengths, 


Hydraulics 


Pressures and Equivalent Heads of Water for Cast-Iron Pipes of 


Different Sizes and Thicknesses 
Calculated by F. EL Lewis (rom Fanning’s Porraula 





Size of pipe, in 
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Weights of Lead and Gaskets for Pipe-Joints 
Deonis Long & Company 





T 
@ Diameter 
Let, | har "i ot nl Lea, 















5 0,335 
5 0.170 “ 
5 one 

s om 
e 0.200 
e eae 








Gasket, 
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There is no standard weight of pipe for any given pretwure. 





Private Water-Supply, Pumps 


Private Water-Supplies. The architect is frequently reqaimi ia) 
& water-supply for isolated buildings, and even im cities Ht is broee 
common for manufacturing establishments «itd large buildings thhlt 
own water-supply; so that some knowledge of the various mehoal 
plying water is requisite, Power-pumps are of so many kinds eel! 
cate in construction Veal vo witempt will be made fo describe them | 

Fiydrautke Ram. Wheres valk ween hese 

eleate nist ‘rei Nive (yremlvsen, wm y Qt wodve wasn oy a 


— = 









t Duplex. 
Table of Capacities of Rife Rams 


Height or bead in fott the water is to be delivered 








With a supply off 

32 {1.400 gal per min, 

24 [raft fall, so-tt ede, 

26 _|vation, No.r20en-|1 1). 

38 [gine will deliver| 

yo [26800 galperday. 
1490 192=268 820) 














* Multiply tactor opposite rowsx-waan and Ubder resrmc-mmaD by the} 
gallons per minute une by the engines’ the result will be the nurber of gal 
Ero per day 

The efficiency developed is governed tyr the ratio of fall to pumping-besd. 

35% i ratio of x to} 


=" Ae Te ou om... Nee 
"Woe eficiency oma a. ce a ratio wp to tty 


| Private Water-Supply, Pumps 


1307 
led by hand, or by a crank-rod attached to a pumping-jack, 
i. With @ single-acting pump the plunger is raised and 
twery revolution of the drivingwheel, the principle of oper~ 
ne as in an ordinary hand suction-pump. Fig, 2 3 
t for operating a working-bead by belt-power. This is 
Al power Working-head. A pkmewstt par (Fig. 2) differs 
(ep in that it will raise water from any depth, whereas a suc- 
Ice will raise water only about 20 ft. A suction-pump may 
‘int in relation to the well, and will draw the water any 
al distance. ‘The deep-well pump, on the other hand, must 
fithe well, but it will then deliver the water at any desired 
(Cof water pumped in a minute by any single-acting pump 
\e diameter of the suction-cytinder, the length of stroke, and 
kes per minute. The table following gives the capacity per 

of different diameters, and for strokes of differant lengths, 

¥ per minute, multiply the values given in the table by the 
bute. The usual speed of single-acting workingheads and 
bmn 25 to 30 revolutions per minute, Cylinders over 294 in in 
ve @ substantial, iron working-head. 


Capacity of Single-Acting Pumps of Given Diameter and 
Length of Stroke 





Length of strobe in inches 





| | om w [ow | wo | mo [ow 





(Capacity per stroke in gallons 


was! o.css1 2.0637} 0.6743 | 0.c848 | 0.0955 | e206 on 
ig1g) .0hier) ©.c770) 0,040 | 0.1097 | 0.1156 | 0, tao | o.1sat 
saa) ©.076s) ©.op18 0.107% | o.8aa4 | 0.1377 | 0, x30 | ©, #R95 | 

e.toa}) 0.1249) 0.1457 | 0.1666 | 0.1334 | 0.2082 | 2496 | 


(clia} o.1a6e} 6.12! 0.1900'| 0.2176 | o.244h | 0.2720 | o\3aba 
(g77] 9.872!) 0.2063] 0. a4n2 | 0.2754 | 0.9096 | 0.442 | 0.4ta8 
(pee) o.2tas] 0.2552) 0.2975 | 0.3480 | 0.3825 | 0.4259 | @.8t00 
te37] 0.2879) 0.9585) 0. a9 


o.arts | 0.96% | 0. sta2 | 0.6170 








2. get 0,972] 0.4384 | 0,0%A | 2 <ue8 | 6.6120 | 0.730 
©.38pi| © asta] o.sdy7 | 0,sruM | ©6406 | 0.7182 | 0.8624 
Dials] 0,48 0.5830 | 0.6664 | © 7097 | 2.883 | 0.0904 
aap a 2.66p2 | 0, 7618 | «.8tos | 0.9961 | x.ape 


ae 2.70i6 | 0.8708) o:gpgx | toto’! + y698 





141) 0.798) obeys | 0.9824) 1.2090 | I.gako | EaTIe 
0,685) © Rata) oom | F.0e86 | tayan | Ka770 | F May 
S.ttn| ©.$) +0790 fare | 1.380 | 1 S30 | BA400 

















te These wre very extensively wed for pumping water for 
they arovabwolutely ale, reyiire firtle attention, and have 
ppsarer to get out of onder. They are also adapted to al- 
sacha onl, woke wood as or kerosene ol, They 
a shilbw ora deep well, but are best adapted to 
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mumping In an 
reaches the maximum results in a 2: 


* The prewures per square foot fin 
‘aceording to the formuta which i 
XXXVI, pages 1052-3 and also page £657. 


Windmills. In the country and on large suburban 








Private Water-Supply. Windmills 1309 


when used for pumping, may actually do its work twenty-four hours a 
iW, weeks, and even months together, whenever the wind is stiff enough 
- It costs for work done only one-half or one-third as much as steam, 
eons of similar power.” ‘The action of wind of different 
Pp per square foot of sail-surlace and its relation to the 
ty of pumps can be found in the following table, compiled by 

ths, Morse & Company. 
ull operates the plunger im the well, the process of pumping being 
meat that of the single-acting pumps described above. ‘The following 
‘was prepared by Alfred R. Wolff, and is sufficiently accurate. 


‘Capacity of the Windmill 





Gallons of water raised per minute 
toan elevation of 


3s 6.68] 730 
17.953)t8. 85") #44s} 5. Go) 
2.gas goer at 7 
654)39. §42\06.250| 9 771) 8.075] 
Fi 2) &, he: Sis | 24.42/47 4B} t2 at) 
232) 63 792 40, Boo) st 248119. aR ts a8. 
16 to 18 hate I8t/ 108. Gil 7e.oal ap. T2877 34926 341 


% 
6 
16 
6 
6 
6 
6 
16 





power of windmills of the best construction Is proportional to the 
their Glameters anc invorsely as their velocities; for exampile, a cout 
‘yé-tolle heveze will develop 0.15 horse-power at 65 revolutions per min- 
with the same breeze: 
2 20-ft mill, at 40 revolutions per minute, 1 horsepower; 
‘A ag-{t mill, at 3s revolutions per minute, 136 horse-power 
2 g0ft mill, at 28 revolutions per minute, 3}4 hore-power, 


of very fow windmills are larger than 2s ft in diameter, There 
which will enable the user of windmill to utilize the increased 
J from winds of high velocity, ov that in practice the arwount of 
‘by windmills ise high winds is but little more than is pumped try 
mills in winds having velocities of from 12 to 18 miles per hour, Por 
tt bs cxtomary (0 regulate windmills to govern at about 25 miles an 
ly the Increase in orwer from increased velocity of wind is equal 
of its velocity; ms, for example, the as-ft mill rated 
Senile wind will, with » y2-mile wind, have its horsepower increased 
= 7 horte-pomer, A windmill “will rue and produce work ty an 8 
Windmills have also been used for the generating and storage 
for senall Hghting-plant 

‘Process. Compresat sir fs now betng used to an inereashng extent 
‘Water from artesian wells. The process ib senoral consists of stubs 
Bicharepie fo 2 clove! well, with 2 smelter pipe Inside detivering 

+ See Keat's Mochaniesl Exgivwcrs’ Pocket-Book, 





‘three S-ln arteslan wellet 


Pneumatic Water-Supply Sysi 
water to buildings is used extensive 
publle water-supplics, With the 4 
‘vated tank, # closed water-tight tay 
be located at any level, for the wat 
ale confined In the top of the tank. 
Ja the ground below the freet-line, & 
water will have an almost uniform 
protected from possible contamina) 
agencies, while the tank takes up t 
weight upon the attic-floor of a bu 

Principle of operation is this: 
then, water fs pumped into a clos 
within, and the more water pumpe) 
‘The elasticity of the air, then, will 
opened, and the water wil inuet 
sure ia the tank. In practice the ai 
tank, and in a short time become ex! 
‘This is accomplished by injecting a} 
of the pump, by means of a strrEa 
‘Connections Lo The Yank arte taken f 
which would occur \h Yor commmctie 


© Aogeneh Seren) 





Fire-Streams 1311 


wer Required to Raise Water to Different Heights 


(ciples. ‘The power required to raise a certain quantity of water to 
"varies directly with the quantity to be raised, and also with the 
(tance, it requires twice as much power to raise 260 gal pee minute 
bes to raise roo gal to the same height and in thesametime; and to 
ft high requires twice as much power as itdoes to raise 100 gal 10 
\the theoretical horse-power necessary to elewate water to a given: 
fthe umber of gallons per minute by 8.335, the weight of + gal, 
by the total number of feet the water is mised, that is, from the 
tater to the highest point to which the water is raised, and the 
| power in foot-pounds; divide by x3 000, and the quotient is 
To the theoretical power a liberal allowance must be made 
hey of the pump. For a cylinder-pump add from 75 10 100%, 
‘eight to which the water is to be raised add the friction-loss in 
(ble F, page 1302, when the discharge is to be piped any distance. 
fd the theoretical horse-power required to aise 109 gal per 
(gh, through a s-in pipe, 200 ft long. 

ben Table F, the friction-head for 100 gal per mtn tn’ 3-4n pipe, 
GEXa2gor git. For aco it it will be 6 ft, which, added fo r: 
the height. Then theoretical horsepower = roo x B35 x 121 

| The actual horsepower required will probably vary from 
ne to the efficiency of the pump. The mistake of using too 
Bepipe can easily be seen from Table F. For it 
to force 100 gal per minute through 100 ft of sin pipe, 
re would be equivalent to raising the water 22 ft high. The 
1 be correspondingly increased. Right-angle turns are to be 
{rietion is very materially Increased, being practically equal to 
F ft of straight pipe. 


Table of Elective Fire-Streams 
(s}4in ordinary ao: rubber-tined bose between nouale and 




















ke The following is am extract from a paper read by Joka 
a meeting of the New Enclind Waterworks / 
(ronments sot Practical Tables Relating to Kice-Streame, 
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‘On acecount of the swelling 
may be subjected to a stress 
additional boops, therefore, 5) 
eter, one hoop of the sizo usee 
‘opposite the croze and not ¢ 
For tanks 20 ft or more in 
Hoops with vpser ends mu} 
within 2 in of the top of stave 
85 possible, Hoops should | 
Fine. Ne hoop should be ley 
-scale and rust and pait 
ro erecting. 

Note. The strength of at 
‘re specified because they do 


* Toes notes Taxce een com 
‘Departwaent oh toe Vector Ms 
Tribat excelent yar. 














Wooden Tanks 1313 


tame Weakening efuct ax on « flat hoop, and round hoops are not 
when the tank swells, as they will sink into the wood. 
ig of Hoops. The hoops should be spaced so that cach one will 
‘Stress per square finch, and no space should be greater than 33 $n. 
‘Teqwirensent the hoops wiust he spaced quite chose together at 
‘he space between them gradually increasing towards the top, 











Fig. 6 Support for Bottom of Tanke 


Fie!3 dhows the proper spacing of hoops for a task 18 ft In 
diameter, with 18-f¢ staves. The spacing for seven other 
ites Of tanks is given in the pamphlet referred to, It 
‘may be computed by the following formula: 


Spacing of hops in 


For strength of a 4-in rod use 5 7590; of @ Té-in rod, 5 250; 
Of a sin rou, 6 875; and of a 14-in rod, 8 625, 
Hf ts the distance from surface of the water to center of 


hoop in feet 

Tfow far apart should r-in hoops be placed, at 
15 ft 2 in from top of tank, on a tank 20 ft 
687s 


2.5% 20% 85 


Lugs should be as strong as the hoops. A lug similar to 

Fit. 4 f simple and fulfils the requirement for strength. 
Mallenble lags aro required. 
"The weight of the tank should be supported entirely from Its 
In bo event shuuld any weight come on the bottom of the staves, 
Hipon Whick the tank-bottom rests should cover at least one-fifth 
the tettom, should be oot over 18 in apart, and of such thickness 
itom of the staves will be at least 1 in [rom the foor (see Fig. 5), 





























Solution. Spacing « ~ 3 in 














rg Dipe abou ery ane the bottom ofthe tank at it 
pal extend ys fash 4 hs, to allow the sedlenent 
of tbe tank. £0 collect 





a 


ie 


iu 


‘the! 


around each bos except outklde, 
Fig. 6, Method of Fros 


shown in Fig. 6. Tf steam iy 
inside the box. In New Eng 
boxing Is generally used, wh 
double boxing is used. The 
‘ground below the frost-line, } 
the tank. 

CG For economy fn 
getting into the water, all « 
cover Is recommended consist 
supported by joists which spa 
conical rool. To prevent the 
fastened to the top of the tat 
wind particular attention she 
Toof rests on the top of the sta 

‘Scuttles should be arranged 
‘to the tele of Whe tak en 

easy access Lo Te Wop oh Tae 





Pumps for Fire-Streams 1315 
Dimensions of Tanks of Standard Sizes 












































Size. Thickness of 
Outside | lumber after Hoop 
[dimensions | being machined 
fell | 
fe |, | Staves] Boe Nom | Sine, 
Whee Fanave | in || 2 | 4, | w, | c, | borat | im 
ft ia | in | in 
ae} a | a | | a | oe |W 
‘ & au | aw | a | Hats uo ” 
i 
6) we | an] aw] ow |] ow |] 1 
Pel we) aw] a} aw} wl] om lls |e 
bel wm} aw} aw} am} w se lbs | 
4 5 
Fol m | mw] mw} ae} joe ltd | 
4 % 
Pc) er ee | 6 |x 
; a | 6 
a} ml] ow} owl alm ls | ie 
Ps Ea fe ee ae | 


for Fire-Streams. ‘The dimensions of steam-pumps for fire-pro- 
trulldings, approved by the Board of Underwriters, ean be-found in 
tig table, 


Underwriter Steam Pire-Pumps 











in| ia im [te init ite tal eal 





| 
3 |2|2 | 9 Ws 2) 7 5 299) 


3M) 2H] 14g s|s 2) 8 © 395} 


| 
4 | ats] rib} 20 8 ls 294] B 10) s20) 
ass) thijea gs |s 7 | Boat) 799) 





a 235 
ie 


* Inspection Department of the Factory Mutual Inyerance Compan 





they deteriorate rapidly if palating ls heglectod. 


Capacities of Pipes and Cylinders 17 


2 Cubic Post and U, S. Gallons of Pipes and Cylinders of 
Various Diameters and One Foot in Length 


agallon = ayi cuim, rou ft 7.9805 gal 










































































7 7 ———_ 

foc # fein | Por x tt in Por 1 in 

ength Jength Jength 
Dim Diam. 

8, |) eee in yg, | ecer in . 
elite Hee) Out | Ye [iste Cok] te 
fe) omy weain | ase ares in | a3r 
© | vin safe | exin aq | cu in 
i ects] OM | oats! xag|] ap | 2.060 | tend 
| aco! 7 | ose1| 1.999) wie | 20m | is.st 
8 | ooesr|} TH | 0.0867] ass) 20 | 2.08 | 26.3 
3 | o.com}! wie | oem | 2.ys|] sole | aa | arts 
a | ocece ™m opt | a4 a 2.405 ne 
Wz | ove! s o.get | z.6ir |] athe | ager | me e8 
e O.c8sy ay o.373 |) 2.777 a 26 | 19.78 
| oc] ah Owl) 2.08 ay 2. 7ot na 
| coae!) 3h | ogre) sas) a3 2.885 | att 
| acm] 9 408 | 3.95 asi | sce 2s 
Wa | cop|| 9M | ott) sar) am | am | so 
> oom) oF O.4om2 | 3.6hr od 3 25.50 
6s) con8|] OM | oss) 38p! 6 | sn | nt 
| c.ct8 || te ones | aofol| a7 | sors | ate 
a3) o.0y8|) tM | o.sr— | 4.286) 28 | Zaye | atop 
@& | om) why 0,01 | a) 9 a ue 
me) o.vtsa | tM | ofa! aris] go | 49m | W728 
6) cal] | ofeoo| aol sr | sige | 39.08 
| o.2ss0|) rd | 0.6903) 5.163] Se | sists | 4t-78 
ae) Ogeis |) he ©7713 | $9!) as soe “a 
| ogame | ors | §.0a3| on 6.935 | arab 
| camp || to | orca) 5.85] 3s | ied | a8 
&) cA)! 12! | ose) Oss) T.06y | $2.88 
| oss || ty | ogm8| 6m] sr | tai | $546 
| o6s8) ul | om) 76) B 708 | Bo 
ts) 2.7: 4 too | To) wm | 8.96 | 62-06 
wl] obits) al | ta) A578] 4 Sra) 65.8 
at] 9.9706 || a5 Lazo) 9.180) 4x 9:68] sh 
fy | tomo! ish rare 9 Sor 2 9 Gar nw 
|) tam] 16 1 396o | 10.440 43 | 100m na 
| tane|) 14 | 1.450 | tro] 44 | 10.89 | 38.99 
Bier 1,$760| 14.790] 45. | 1.045 | B2.62 
8) sete | ITA | stzo0| wa ape] 46 | ae ast | Bs 
ge | tie) | x78 | 1.230] az | t2.0m8 | ote 
| 1.7800 5 my 1 | 1. po * nt bed 

* Actual. 


‘apacity of pipes greater than those given, look in the table for a 

IE the given size aod multiply its capacity by 4, ar one of one 

id multiply its capacity by g, etc. ‘To find the wetestt of water 

iver shees, multiply the capacity Ae cubic Joot ty the weight of & 

Wecal Zhe temspersture of the wnacer fa the pipe (see pase 1208). 
“a onhinter tv U. &. gatloos, eaultiply. 

Mow amtily oases the Jongth by. the 
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To find wetght of water in pound: 
by 84. 

Example. To find number of gall 
20 ft, the water being 4 deep, 
715 and oppedte vo this in oe + 
multiplied by 4, The degtts hve 
gallons cequired. 





(58) All connections between lead pipes and between lead wed bra 
Pipes must be made by means of wares solder joints. 

Aso) (All lend atts, Aol teats) ang iecapet Hst RBC oe 
known in commerceas D, and of mot less than the following 





ih Se ie Relea 
Mein, 
ain 


water-tight, ws 
(41) Copper tubing when used for inside 
scamless-drawa tubing not less than 22 gauge, aod when 
must be not less than +8 gauge: 
Yard, Arex and Other Drains 

All yards, areas, and courts exceeding 45 qj ft in aren mat 
into the sewer. A shaft open at the top and not exceeding 25 sq (tie 
which cannot be connected in back of a leader, yard, court, or atte 
may be drained into a publicly placed, water-supplied, properly 


vented slop-sink 
(59) These drains, when sewer-connected, must have connection! ott 


than 4 in in diameter. They should be controlled hy one trap, the 


if posible. 
Leaders 
(60) Every building shall be kept provided with proper 
fainvleaders for conducting water from all roofs in such ch annem a r 
‘he walls and foundations of sald buildings fem : 
Water from any ruin enMer Woe Whawel is Seme 6M 
cerca Ys 


property, Tout ne age anil Yom 
Hee a eves tn tbe sce. vo, SADh Soe Nona 





House-Sewer and Fresh-Air Inlet 1823 


headers shall be conducted by. ¥ proper pipes below the surface of the 
the sreet-gutter, or may be conducted by extea-heayy cast-iron 
feectins cesspool located at least 20 {t from any building, No plumb- 
shall discharge: into a leeching cesspool. 
aes er cinco lat Sor oro en, ae nl 
(ections made as-ticht and water-tight by means.of heavy lead or 
fawa tubing wiped to a brass ferrule of nipple calked or screwed into 


(itside leaders may be of sheet motal, but they must connect with the 
=) by means of a cast-iron pipe extending vertically 5 ft above the 


fenders must be trapped with cast-iron running traps wo placed as to 
‘roeaing, 


IBinowater leaders must not be used as sollspipes, waste-pipes ot yent= 
shall ay sucl pipe be used as a leader. 


$ House-Sewer, House-Drain, Hout 
Tolet 





‘rap and Fresh-Alr 


he housedraln must properly connect with the house-sewer at a point 

We of the outer front vault or area-wall of the building. An arched or 
opening in the wall must be provided for the drain to prevent 

settlement, 

fhe bouse-drain if above the cellar-floor, must be supported at inter- 

} ft by &-in brick piers or suspended from the floor-beams, or be other 

jerly supported by heavy iron-pipe hangers at intervals of not more 

t 


{o steam-exhaust, boiler blow-off, or drip-pipe shall be connected with 
tdrain. Such pipes must first discharge into a proper condensing tank, 
this a proper outlet to the housesewer outside of the building must be 
In low-pressure steam-aystems the condensing tank may be omitted, 
faste-connection must be otherwise as above required. 
bie bouse-drain and house-sewer must be run as direct as possible, 
(i of at least 4 in per ft, all changes in direction made with proper 
a all connections made with Y branches and one-cighth and one-six- 











€House-Sewer. (74) The house-sewer and house-drain must be at 
{fe diameter where water-closets discharge into them. Where raln- 
fhaxges into them, the housesewer and housedrain up to the leader- 
{ns must be [a accordance with the following table: 


. Por a fall of Por a fail of 
ne peed | Hin per foot. | 14 im per tot, 
94 ft of draimage-| sq ft of drainage- 
a 06 





1200 
a9 
4 320 
So 


18 000 


a 
4 
5 
6 
7 
8 
9 
7° 
a 


4 eo 














Water-Closets 1825 





ot more than three wash-trays may connect with » single trap, 
{am adjoining sink, provided both sink and tub waste-outlets 
deaf the waste-line and the sluk is nearest the line, When so 
te-pipe from the wash-trays must be branched in below the 





large from any fixture must not pass through mote than one 
bx the howse-drain, 
cuware traps must have approved heavy brass floor-plates 
© the branch sail-pipe and bolted tothe trap-lange and the 
tht. The nse of rubber washers for floor-connections is pro- 
Alangcs must be set In place and Inspected efore any water 
‘ne 

bball be pilkced it the foot of maih soil: and waste-pipe lines. 
for traps must not be less than those given in the following 











nets. 

& ‘ 2in in diam. 

sinks in in diaro. 

ee ‘ 2 in in diam, 
~ 2 in in diam, 

on 

tures. 





‘S, areas, Goor and other drains must be at least 3 in in diam- 


‘Water-Closets 


wetit-houses, lodging-houses, factories, workshops, and all 
entire water-closet aparteoest and side walls to a height 
if, except at the door, must he made watee-pronf with asphalt, 
I, oF other water-proof material as approved by the superine 
“ 
fra water-closet accommodation of any building cannot be 
i nor can any water-closet he placed outside of a building, 
In eristinge water-closet 
fereonnected occupied buildings there nut be at least one 
there must be additional closets so that there will never be 
per closet 
houses there must he one water-closet on each floor, and 
than fifteen persons on a floor, there must be one additional 
fifteen: odifitional persons or fraction thereat. 
tnd Urinals must wever be connected directly with or 
pater-sagply pipes except whem thedhometer-valves are used. 
Hoset and urinal<isterns snd awtomathe water-chescts 
are probibited unless approved by the superintendent of 








jelining of water-closets and uriral-claterns must mot be lighter 


Bimbeipee sunt net be sow than +H Jo and urinal fiche 
of head must aot weigh toss than 
fant bool Alf olac of thespipe, ee ae ale 











‘Traps 1327 






Several non-siphoning traps have been patented for 
jinting the necessity of back-venting, but they are used to a 
extent. There are also several varieties of back-pressure 


Fig. 7. Water-seal of Trap Fig. 8. Water-ttap Unsealed 
lelimed to prevent the sewage from flowing back inta the house-drain. 
fe ln the nature of check-valves, and are used principally in seaport- 


tide-water might srusibly force the sewage back, The more com- 
of lead traps used in plumbing, with their trade names, are shown 


KARE 
4 ac 


Fie. , Types of Traps 


| ‘The mame shapes are also made of cast fron. ‘The pipes marked ¥ 
fent-couections ‘The drum-trip shown in Fig. 10 has « deeper seal 





the water to pass into the Kower sytent. 
fills the trap and must be remowed. On ac 
large teap, and whenever possible it 

the housa, and as near to the sink a 


Pig. 12. Lead Grease-trap 





a 
| 
| - Supply-Pipes and House-Tanks 1320 


18. These may be of lead, bras, galvanized iron, tin-lined lead, 
Lead pipe offers the least resistance to the flow of water, is easily 
iy situation, and casy curves are readily made. It is generally 
fe durable underground than galvanizcd-iron pipe. The grade 
FSERONG, is the lightest that should ever be used, and when the 
(from city mains, in which there is a coosiderable presure, AA, 
tpipe, should be used. Galvankzed-iron pipe is probably 
(di than any other material for water-supply pipes in buildings, 
lickel-plated pipe is required, in which case brass piping is com- 
brass pipe used for water-supply should be what is known as iRON- 
ass piping is preferable to galvaniced iron or lead for conveying 
{Ss largely used in the better class of buildings. Tinlined fron 
Vand pipes of block tin are usually considered as offering the 
(nce to, corrosion ot chemical action. and should always be used 
le, beer and other liquors. Tin-lined iron pipe is made by pouring 
‘wrought-iron pipe. While in a thuid state the tin is inseparably 
fom, and the result is one solid pipe composed of two metals which 
yrs araur. It is essentially different from iron pipe merely 
and immeasurably superior to iron pipe lined with a separate 
rill become detached. Its fittings are lined with tia to match. 
| wot injure it, rats will not gnaw it, and thieves will mot cut it 
ot or cold water may stand in block-tin pipes and yet be drawn 
¢ tnd free from poison or rust. Lead-lined pipe ts made in the 
lnsires delivering the water to the house just as it comes from the 
fed ty the chemical action which often results from ‘contact with 
= 
Drawn Benedict Nickel Tubing ls used to some extent for the 
dieg-pipes im high-class, residences, office and public buildings. 
ite metal throughout it cannot rub or wear nuassy or become 
is made in all the regular leon-pipe sizes, and necewary Gittings 
| the same metal.* 
ks. Where the pressure in the street-malns is not great enough: 
ffickent volume of water for supplying the fixtures at all tines, or 
Fivate water-supply, a tank should be placed ia the attic, of ele- 
6 ft above the highest fixture to be supplied. In some cases the 
lower story are supplied direct (rom the street mains, while those 
bry are supplicd from a tank. ‘The advantage of a tank fe that it 
lly from a very small stream, atid thus form @ reservoir from 
Yolume can be drawn in a shorter space of time than could be 
t from the service-plpes. Storagetanks should always be pro- 
overtlow-pipe of ample size and when supplied from the street» 
ply should be controlled hy a ball-cock and float. Storage-tanks 
hee are preferably made of woed lined with planished or tinned 
(ead, zinc or galvanized irom should not be used for tiniig tanks 
fer for drinkleg or cooking purposes, and are pot as durable as 
then the effect on the water need not be considered: 

Tank Required will depeod largely upon the character of the 
|g supplied from the street-main in which the pressure is fairly 
not have ® capacity exceeding 160 gal. Where the water i 
he tank by « windmill of hot-air engine, the tank should have ® 
lent for «three ce four days’ supply at least. 
Indorraation comsult the Renetice & Yerabam Manufacturing Ormpany, 
i 



































With high-pressure systems, dwellings of five 
for econaeny, supplied entely through 9a = 


waste-pipes. 
New York City are even an page E32 —— 
Bath and sink-wastes, tM 
Basin and urinal-wastes, 14 in, 
‘Wosh-trays, 134 in from eacty 
ain outlet from trap. 











‘Lead Pipe 1331 
Lead Pipe. The different thicknesses of lead pipe were 


5 
ag 






































goated by letters as in Table H, page 1332, but are now more 
‘signated as in Table G, following, which may be considered as 
spted by dealers. 
Table G, Weights and Sizes of Lead Pipe 
Weight per | Weight pee | 
foot foot 
fiber as Caliber = 
tb | of tb | of 
6 thin Aqueduct. 3 
rl 4 Extra light. 3| 3 
ry ff Light. 4 
| 9 Medium 5 
| 2 ‘Strong. 6 
Auli Este strong.......) 7 | 8 
tl} 6] Estra extra strong..| 9 
2 13¢-in Batra light a3) 
10 Light a| 8 
a Medium. s s 
t Strong, 6| 4 
4 Extra strong. 8 
t | 12 || san Waste. 3 | 
a | Extra light. 4 
2 8 Light. s 
3 Medium, .. 7 
| a2 Strong, «| 
ler ‘Extra strong, 9 | 
ti) Extraestmstrong..| 10 | & 
a vin Waste, 4 
a| 8 Light 6 | 
3 | Medium, Me thick.) 8 
3| 8 Stromg, M4 thick... | 4 
t Exim. strong, He 
' 8 thick “u 
2 Exica extra sicong, 
2 4 ‘}h thick, rd 
3 Fin Waste 4 
a Leh ‘Light. 6 s 
4 Medium, He thick.| 9 
| 8 ‘Strong, 44 thick, a | 
2 | Extea strong, He | } 
2 4 thick 6 
| 8 Estra extra stronk, | 
2 | M4 thick a 
2 B || shim Waste, s 
3| 4 Strong. 4 thick....| us 
4 Extra strong. ti 
4 a thick rs 
5 8 4in Waste s 
2 Mediuen 10 
2 4s ‘Strong, 4 thick % 
3 Extra strong. Me 
4 8 thiele a 
4) 0 Extra exten Aroma, } 
é 

















, Sewer-Pipe 1333 
‘Weight and Sizes ot Pore Bock-Tin Pipe 














. Weight per foot, —= Weight per foor, 
| ca bas Sad tb 
= u _ 
| x 
| oo } 
|| ot 
| | 6 | a4and upwards 
2 | y2and upwards 
Sewer-Pipe 


; three kinds of sewer-pipe or drain-pipe offered in the market, (1) 
)VEERIFIRD CLAY TIPE, (2) SLIP-GLAZED CLAY PIPE and (4) CEMENT 
iuame of the latter sufficiently indicates what it is without any de- 
Qe suircrazen ctay rire is made of what is known as xta®-cLav, 
theick clay, which retains its porcalty when subjected to the most 
Tt is glazed with another kind of clay, known as ste, whicb, when 
heat, melts, creating very thin glazing, and which, being 4 FoREIG’ 
(O-THE popy OF THE etre, is liable to wear or scale off. SALT-GLAtKD 
made of a clay, which, when subjected to an intense heat, becomes: 
gasslike. It is glazed by the vapors of salt, the salt being thrown 
bereby creating a vapor which unites chemically with the clay, and 
ing, which will not scale or wear off, and is impervious to the action 
‘es, steam, or any other known substance. It unites with the clay 
Sinner as to form FART OF TIE RODY OF THE yirE, and is therefore 
lel” Salt-glazed pipe can only be made from clay that will viteify, 
& subjected to an intense heat will become a hard, compact, nan 
|. Tt should be borne In mind that suip-ctazina is only resorted to 
ys are of such a nature that they will not vitrily 
rial of Drain-Pipes should be a hard, vitreous substance: not 
this woukl lead to the absorption of the impure coatents of the denin,, 
Kes actual strength to resist pressure, would be more affected by 
by the formation of crystals in connection with certain chemical 
§, or would be more susceptible to the chemical active of the ‘con- 
the sewerage. 
pee Should be Salt-Giazed, a» this requires them to be subjected 
tore intense heat than is needed for SiAr-GLALING, and thus seciates a 
tal. Cement pipes made without metal reinforcement have not 
Heatly strong and durable to be used with confidesce in any im 
E When reinforced with metal, however, they hare ample strength, 
bd-cement sewer-pipes of lange diameter are used to a comabderable 














table em pawge 1323, will 





trope. 
tnining the diameter of house-sewers, th 
ed guide. Storm-sewers shou! oned to the area drained. 
four rainfall, as shown by 4, iv about rin per houk, except 
heavy storms, equal to 27 225 gal per hour for ench acre, OF 453 gal 
per acre. Owing to various cbstrections, not snore tham frem so to 
minfall wil) reach tho draia withis the same hour, and allowance 
te for this fact lo determining size of stotm-sewer required, 











in 


i 
| 
i 


all water-closets, urinals and 
iluntedl in The attic or Woere ment: 






















Phunge-Baths 1337 


ccuples one comer of the room and its elevated marble 
atively scros i, forming a diving-platform which is reached ty 
steps. All the water-supply Is filtered and it cus be warmed by in 
into the delivery-pipe at the filter, The water enters through the 
end of a 2-in brass pipe projecting a foot or more through the 
the top of the bath and delivering & solid jet unloxs it is reduced hy: 
valve of is formed into a fan-shaped cascade by means of a 












Pig. 1 Plange-bath 


Neale which can be screwed is the open end of the pipe. When tho 
fac used a simall streams of water is constantly admitted and canes 





An open one about 8 ft above the bottda and « valved ome 


Werdows, 
Wer, CL. W. Eidiite was the architect of the house and the water- 





fas doce hy the T. New Construction Company, “ 
for Pramabing. Pics. 14, 13 and 10 show the symbats 
ar Maar and Specifics lo cesienating plumbing work ons 











Rymbol for 





cant tron pipe - 
‘ote rave Gatewalve Hay lew 
Onecine gytubote Tor a A 
Bide view of 4 
Glote valiw 
Fig. 14. Symbols: a 
‘ural detalls on arckitveccural tanewhnum, “Waleme ine septibols| 


‘used Uhere Was tO oitamlicy a See aria 
Ol standards often, vel to. wetioun <xndibere 


i 


Symbols for Plumbing-Work 1339 


were examined, the chances were that on no two of them would 
(te been alike. Further, plans prepared in the same office at 


oo ow G 


Oga ide low ot Srmbal ter 


“fopeock 
Peal evene 

Sideerabol for ywhala far aa and 

drnin-arap ‘Yeat-atacks on plas 





Aeoralrain 








Aipsabel foe 
‘8 Water beater terprmaren ek 


Fig. 15. Miscellaneous Plumobing-ymbots 


Or ome set of plane on which several cliferent deaughtsmen had 
(fier sow as mary diferent symbols for a water-closet or lava 
Pmonkmce engeed ao the drawings. That was rather cone 





a 


Blevaiiuseymbel for ake 


rh thew 
Fig. 10. Symbol for Plumbing itures ins | 


wheoever it exists from this cause, that there i 
Pirhees (ny the ‘Wids wanted, wr wk ch Noreen aes 
moti of work to be dune. “Ko eve einem 
standard symbols densi ue wae, 





‘Expansion of Mumbing-Pipes m1 


Soll and Waste-Stacks. In tall buildings, provision should 
\oibstacks and conmections to take care of the expansion, 
veut, swaying and other movements of the building. This 
iticonstderable amount, fn some localities the settlement alone 
much ass in when the foundations are mot carried to bed-tock, 
Instance, most of the sky-scrapers which were built: on com 
n-beds are out of plumb and lean far out over the plumb- 
ling in particular leaned so that the top was 50 in outside of 
bundation. Most of the carller heavy buildings there erected 
Adations"” are carried on jacks, and periodically jacked up as 
f& When the bailding finally comes to rest, the jacks are 
fe walls Gilled a with masonry. The settlement which takes 
| in such buildings from 3 to s in. These various move- 
it, contraction, settlement, racking out of plumb, als 
dings as they follow the sun in its course from 
b destructive to steam-pipes and plumbing-pipes if provision 
lake care of them, Steam-pipes always have expansion-loops, 
feently that the proper attention has been given to sail and 


1 pipes: and 
as many as i 

+ in one build. 

through fauley 

rigid connec- f cia 


bdy fs to put 

(Fiz. 17) in Hant — Collapeod — Strvtehed 
beirabacke of Fig. 17. Expansion-joints 

nd to connect all water-closets to the soil-pipes hy means 
Lapsible connections which will streteh, collapse, or stretch on 
Hapse on the other, according to the stress to which they are 
te Gexthle Gttines should ‘be placed as close to the closets as 
wuld be used also fn connection with slop-sinks and fsalde ral 
tide rain-leaders the number of corrugations can be imereased 
| the helght of the building, Ordinary stock fittings have » 
pin. That is, they will stretch about 1 in and collapse x in. 
im tall buildings, however, greater range than that is desirable, 
(s would be sufficient for « rain-leader in an ondioary building 
in beight: then, for taller buildings, it ty well to allow an extra 
tach additional 100 ft or fraction thereof, The dexibility of 
[besten in the accompanying illustrations of Fig. 17. 


| Buildings. Ninety-seven per cent of bulldings erected have 
nstruction, and the floor-jolsts, when they dry out, shrink. 
bof many thousands of closets being broken annually, and the 
e seal at the closet-conneetion of these which are not brokes, 
provided with « Dexible Roor-Bango of fitting. ‘The asount 
Hloor-beanss of different depths, can be found in the following 
from information furnished by the United States Government, 
Agriculture, Division of stry, in Bulletin No, ro: Besides 
(the individual tiers of joists, there is the multiple shrink 
Hers when bearing-partitions, supporting the joists at the 
Hiding, rest om ‘on top of 
id of extending down through to the plete which supports the 
& properly dowe, there is only the shrinkage 

conskderation. "When Jnproperly fraroed, 




































































sanitary which depends upon a 


POTTY-jOENT, 
ait cructin of anata ated eae 
| : Jolngs 
it tight, 


Expansi 

ought to be placed in both the hot-water 
the expansion and contraction of the lines without injury to 
loops are usually from 6 to $ ft tong, made 
floor of the building. Generally the hot-water and. circulation-ti" 
ported midway between loops so that they can expand beth ep and 
length that water-pipes will expand depends upem the degres to whit 
heated, and the materials of which the pipes are made. The firtol) 
ing three tables gives the expansion of cast-iron pipes, the second the 
‘of wrought-iron pipes, and the thind the expansion of brass pipes 


i 
} 





Temper | 
Length of 
ature of air pipe when 


Danek, | tte | anger, | ae 
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Softening Hard Water, 1343 
Expansion of Wrought-Iron Pipe 

elettred Length af pipe when heated to 

pipe when 

Sued, | ns* P. 26s" P. ann’ P a0" P. 
a & m®) ein | thom | fh 
wo | se 1.72 | te 2.21 | too 2.gr | 100 2.70 
too | too naz | too 378 | 1c az | to 245 
yo | wo rar | too 161 | 10 18 | 109 219 

Expansion of Brass Pipe 

Length of Longth of pipe when heated to 

rige when | — ~~ 

fitted, mer. | os° FP. an” P. wa P, 
ne roi pk i | tf f& in 
te | te 28 | 10 too’ '3.36 | 100° 410s 
190 0-919) | 100 Too 3.18 | 100 467 
wo | wo 18r | wo aut | 100 279 | 100 338 














‘Hard Water for Domestic Use. In many parts of the country 
TEMPORARILY HARD, PERMANENTLY WARD or both TKAMORARILY 
fewrty marb. This is due to the fact that in those regions the 
ck is limestone, and in percolating through the lmestane the 
‘originally was soft, dissolves carbonates and sulphates of lime or 
fm the rock, The solvent capacity of water for time and magnesia 
ten the water is cold than when it is hot. Therefore, deep-well 
stone-regions is usually saturated with lime or magnesia, and when 
fer-taniks or boilers the point of sxturation is lowered and Sime is 
br liberated in the form of hard scale or incrustation. The effect 
‘tation bs to shorten the life of the boiler and decrease the efficiency 
while in use. It is estimated that: 





vin linte-scale means a lows of 13% of fuel. 
Mein Hime-seale means a loss of 22% of fuel. 
Min lime-scale means a loss of 38% of fuel. 
Fein time-scale means a loss of 90% of fuel. 
Vein time-scale means a loss of 60% af fuel. 
Fin lime-scale means a loss of 91% of fuel. 


are probably. little high, but making due allowance, the table 
show the lows duo to the use of hard water, In the laundry the 
isamption of soap to soften hard water is a further item of expense. 
Mheat-aIb ef soap. to soften 100 gal of mederately-hard watery 
feap required for washing after the water has been soften 
expense, hard water forms an insoluble curd when washing whid 
tticularly annoying to hotel-goests; therefore, it is advisable to 
d water for tiene botelbittings daundries and for many indus 
( Aromanently hard waters contain sulphates of Hime or mag- 
Varky Sand waters contain carbonstes of lime or magnesia. 
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}) ILLUMINATING-GAS AND GAS-PIPING* 


ot Gas. Five varieties of gas are now commonly. wsed for light- 
ag, namnely': 

ts, which i made by beating bituminous coal in aletight retorts. 
lost common variety of gxs furnished for the lighting of cities and 


Gas, which is made usually from anthracite eco! nnd’ steam, and 
ively used in Eastern cities. Gns made by this process contains 
an good coal-gas, and consequently does not give as bright a Nebt, 
rms perfectly in heating-burners. Wher ased for lighting prurpese 

im carbon by vaporizing a quantity of petroleum by heat vend ine 
b the hot gas before it leaves the generator, Pare water-gns is 
is Jess odor than coal-gas. 

Ges Is obtained from holes of wells which are drilled in the ground. 
Where it can be obtained it furnishes cheap light and fuel. ‘The 
itnined in the hard-<oal regions develops mare heat per cubic foot in. 
Any other kind of garexceptacetylenc, Natural gas is usually under 
fre in the atteet-mains and house-pipes than manufactimred gas. 
pe-Gas. Used almost exclusively for the lighting of isolated 
for public buildings in towns or cities where there is no publie gas 
pommonly generated on the premises. It is formed by belnging 
dun carbide in contact. Cafclum carbide is prodiiced by the 
fn ef coke and lime. Tt is now a commercial article produced in. 
(es and sold at a moderate price. It isa very hard substance like 
has a very slight odor, will not burn of explode, and eart be handled 
fy with perfect safety, ‘The fact that carbide begins to disintegrate 
‘cetylene at the slightest touch of moisture makes it practicable to 
as ins small quantities for single buildings, 

Generating Acetylene-Gas, The satisfactory production of acety~ 
(res a peneratot which shall feed carbide of sulficient size and weight 
Va sullicient depth under the water in the generator-chamber to 
wand proper wash ‘The carbide-chamber must be so arranged, 
[that no gas can return to it to be wasted when the chamber is 
fermeate the house with its smell. It must feed carbide loosely 
imall quantities, im order to provide for perfect coolness by: free 
(er to all of the carbide. Jt must work automatically and with 
ety. Acetylene-gas to be pure must be thoroughly washed. 
lene; a8 with any other illuminating-ams, means a discoloration of 
minished illuminating power, clogging of pipes and. burners with 
ithet foreign matter, and smoky burners, causing blackening of 
umnished and soiled woodwork and upholstery. It ix now gener= 
bat the requitements above cutlined can be attained only by: a 
the plunger-type. Portable generators which may be set in the 
‘nent of any building are manufactuted in great variety’; it ls esth- 
(2.000 acetylene-gas generators are now in use in the Veited States. 
Ke tnsiaes of 5, 10, 1x, 20 and up to soo-lights capacity. In all 
Prine carbide into water there should be « connection open from 
plding receptacle to the salety-vent run out of dooes from the 
Siivelaimed that for a given degree of Mumination, acetylene is 
Boller gee A Merge renitkence may be Kghted for about $2.90 a 


ale LipSeing at Hiwmioacion of Buiktings, page 135%. 
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All branch outlet-pipes shot 
Bracket-pipes should run up 
center pipe from the bottom 
side of the pipe. The who 
traps, and decline toward th 
‘as near the center of the bui 
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ip cutting, and the flow of gas will be more regular and even. For 
‘on in lange buildings, more than one riser may be advisable. When 
is different heights of post, it is always better to have an in- 
ling pipe for each helght of post, than to drop a system of piping 
er to a lower post, or fo grade to a low point and establish 
Drlp-pipes In a building shuld always be avolded. The whole 
jing should be so arranged that any condensed gas will flow back 
fystem and into the sorvice-pipe in the ground. All outlet-pipes 
fecurely and rigidly fastened ia position that there will be no posal 
‘moving when the gas-fixtures are attached. Center pipes should 
 eapport fastened to the floor-timbers near their tops. The pipe 
surely fastened to the support to prevent lateral movement. The 
ist be perfectly plumb, and pass through a guide fastened near the 
i¢ timbers, which will keep them in position despite the assault 
tasons and others. In the absence of express directions to the 
lets for brackets should generally be 5 ft 6 in high from the floor, 
(Is usual te put them 6 ft highin halls andbath-rooms. ‘The upright 
be plumb, so that the nipples that project through the walls will be 
jipples should project not more than % in from the face of the 
Laths and plaster together are usually 3% in thick; hence the 
d project 1}4 In from the face of the studding. Drop center pipes 
{t 14 in below the furring, or timbers if there is no furting, where 
that there will be no stucco or centerpieces used. Where center- 
| be esed, or where there is a doubt whether they will be or not, 
Drpipes should be loft about a foot below the furring. All pipes 
ly fastened, the drop-pipe can be safely taken out and cut to the 
When gay-fixtures are put.on. Gaspipes should never be placed on 
‘of floor-timbers that aro to be lathed and plastered, because they 
bile in the contingency of leakage, or when alterations are desired, 
bres are insecure. ‘The whole system of piping should be proved to 
tetight under a pressure of air that will raise a column of mercury 
(glass tube. ‘The pipes arc either tight or they leak, There ig no 
dd. If they are tight the mercury will not fall a particle. A piece 
ltd be pasted on the glass tube, even with the mercury, to mark its 
the prewure is on. The system of piping should remain undec 
fasta half-hour. It should be the duty of the person in charge of 
Gon of the building to thoroughly inspect the sytem of gasfitting; 
eh # as to inspect any other part of the building. He should know 
al observation that the specifications are complied with. After 
td that the mercury does not fall he should cause cape on tho out~ 
esened in diferent parts of the building, first loosening one to let 
ps at the same time observing if the mercury falls, then tightening 
fing the operation at other points. ‘This plan will prove whether the 
fe: fram obstruction or not. When he is satisfied that the whole 
erly and perfectly executed, he should give the gasfitter a certificate 
b 
Hing requirements from specifications published by the Denver Gas 
Company are worthy of attention. Always use fittings im making 
ttbend pipe, Do not use unions in concealed work; use long screws 
eft couplings. Long runs of approximately borizontal pipe must 
ported at short intervals to prevent sagging. 
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(10) In any piping-plan, 
meter, there may not be user 
table for that size, as so fe for 
exceed the limit length, it m 
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le fed through 75 ft of rin pipe, bat M4 in would have to be used, Whee 
We more successive sections work out to the same size of pipe and thelr total 
Hor sum exceeds the longest length in the table for that sive pipe, snake the 
Wikearest the meter of the ext larger size. For example, if we have s out 
be supplied through 45 ft of pipe and these ¢ and ¢ more, making 19 
Ptbrough 50 ft of pipe, we should find by the table that ro outlets thromgh 
(would require r-ln pipe, and that 5 outlets through as ft would also require 
bide, but as the sum of the two sections, yo plus 4s equals 7s ft, is longer 
he amoaer of s aa that may be axed in ary contiauous rin, the got sec 

the wie nearer the recter, muet be mack of 1H4-in pipe. The applica 











Fig. 18, Diagram of Gas-pipiag 


(x) See aot en 
25 outlets to be supplied rng ot ee aa mage 
g0 in all, through roo ft of pipe we should Feber cues te 












through 200 ft would require 2}4-in pipe, and 30 

require 2-in piping, bas under th cdo 8 

& 2¥rin pipe, the roo-ft section must be made 234 fn. ees of, 
18 are in accordance with the foregoing rules and the table, 
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ING AND ILLUMINATION OF BUILDINGS* 
By 


W. H. TIMBIE 
OF APPLIED SCHENCE DEPARTMENT, WENTWORTH [NSItToTE 


Principles. Objects are illuminated for the sole purpose of making 
tothe eye. The eye, then, is the natural starting-point. When 
the merits of any scheme of ordinary illumination, that which 
{it a8 @ success ot faiture should be the gencral effect of the scheme 
+ Success should be measured largely by the degree of clearness 
he objects are"perceived ty the eye, as to shape and color. If eer 
(room or street are too brilliantly lighted, objects in the dimmer 
pot perceived by the eye. If a certain side of one object is too 
tated, the general shape of the object is lest, as the eye does nat 
we its more dimly lighted parts. ‘This is because the eye auto 
iusts itself to the most brilliantly lighted ares within its view, and, 
‘Sout of adjustment for perceiving the rest. We should get ridof 
efore, that o light of intense brilliancy is the thing to be sought. 
‘al, highly undesirable. A room may arrax brilliantly Liga 
Hts looked at may not be sufficiently well ruvunsaTen for reading 
B.purposes, The lights avrrar brilliant to the eye, but because 
Weir strongest rays ia other directions than those in which they are 
&, they do not give efficient illumination. 
f between Light and Mlumination. There is not only a great 
ween tice and 1n.0MINATION, but there is a great difference be- 
antly lighted room and o well-illuminated one. When anybody is 
Fa reom is well illuminated o not, the chances are ten to one that 
Ksat the light itself, If the fight appears to him to be brilliant and 
ll invariably say, “Why, of course, the room is well lighted.” He 
tok away from the light at the objects around the room or under= 
ate Tf these can be seen clearly and easily, then the room ts well 
‘Afterwards he should look at the lights themselves, and if they ap= 
Pleasing to his eyesight the room is well tuairrxD. A room in which 
ear soft to the eye and yet in which the eye can distinguish objects 
‘well lighted and well illuminated. A room in which the objects 
{o the eye while the lights remain dazaling is well Muminated but 
A room in which the lights appear soft to the eye and the objects 
‘gmnisinted, is well lighted, but badly illuminated, A room in which 
ear dazzling to the eye and the surrounding objects or those under- 
hot clear to the eyesight is both badly lghted and badly illuminated. 
food artificial illumination is to keep the illumination of objects as 
Seessary, but the intensity or brilliancy of the lights ms low as pos- 
ng the first we enable the eye to see better; by’ doing the second we 
6 to feal better, and suffer less from temporary. discomfort or pee 
f. Tels not generally understood that a light which és daxaling and 
be eyesight may not be giving as much illumination as another 
} which appears soft, or even dim, by comparison. Thus an open 
ore dazallag than ae cachwed fight, but is less offcient in Mumie 


ain Miensineting Gas asd Gos Piping, pages 1345 bo 1350, 
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is shown that no artificial light exeepe the CO, Moore tube is 
»proximation to daylight. The Welsbach white mantle gives » 
ht than the tungsten-lamp, although neither can be said to 
fight. 


ty or Brilliancy. Candle-Power. The brilliancy of a source 
as its canpie-vowrs; that is, the number of standard candles 
idvalent. Thus an ordinary open gas flame, consuming ¢ cv it 
fp equivalent in brilliancy to about 18 candies, and is said to have 
Scandle-power. Welstach lamps, consuming 5 cu ft per hour, 
§ candle-power; that is, they are equivalent to 75 candies, 
trees of light have the same amount of luminous surface, it is 
ea lamp by the number of candle-power per square inch of its 
(jected) surface. hus an ordinary candleflame has about 4 
Lite intensity would be rated as y candle-power per square inch; 
He-power it would have if its area consisted of exactly 1 3q In. 
led the mvrmexsic muLLiANCY of & light-source.* 


Accepted Values of Intrinsic Brilliancy for Verlous Light 
Sources now in Use * 














eS , 
Sour Candle-power 
ential per aq in 
O.9-175 
incandescent-lamp. pe 
a4 
‘ 38 
ae wn 
asnp. 7 
inte. 20-50 
i 35-100 
ating-current are-tacyp. ; 75-700 
‘current are-la 100-500 
atts ger cane PI 
tts per candle we 
‘8 per candle Gas 
beats per candle . 19 
fsten 1.25 watts per candle 875 
sten, 1.0 watt per candle 1000 
tts per candle 2200 
2000 
we. soo | 
Milled... ae . 70 
‘ 19 600-50 600 
. 300 000 
hocison i $0 000 
eo x0 











* E. B, Rowe, Helophane Works. 





Numination. Foot-Candle. ‘The extent to which a surface bs 
‘asured in roorcaxnums. A surface bas ¥ foot-candte ihuml- 


une of light elven oat by « lght-source fs recuuired Ia trams. For 
Uwe of this term sor any stutard hook oo Buminstion. 





power lamp be hung? (2) A 


16 
Solution, m2 atm 
g-2 ate 


‘The Primary Function | 
illumination as requiced by 
is devoted, The following ti 
tric power or of gas necessary 
eluded. 


ince the lower efficiencies 
compensated by the lower It 
the same watts per square fox 
ditions aro fairly favorable te 
namely, light-cream or yellow 
of average proportions with 
High, narrow rooms may req 
20% less, energy. Similar g 
respectively. 
oe Syukems ol Ger 
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TIL Amount of Gas or of Electric Power Required to tlumi~ 
‘nate Rooms Used for Various Purposes 
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puree are based upon the use of Welthach reflex limpw amt Manta electric 
Welsbach xxxicrn: Lamps and nitrogen-filled tungsten-tampe (type C Sasa) 
ithe values fo the first and second columns, respectively. Data om sex 
RP. Pierce, Welsbach Company 





Ht Lighting. A system Is deslmmated as prmver when more thin éne~ 
tht reaches the area to be illuminated by coming directly from the 
', without belong reflected from the ceiling or walls. This Includes all 
ng lamps with clear, frested, translucent, or opalewent globes or 
Hiwhich the fight is reflected downward. Tt ls the most efficient sys 
the rat to be used, and is still the most common. "The color ef the 
ling thas less effect in this system than in the others. 
eet Lighting. A system is designated seornct when all the light ts 
too Rha ceBiar- ane! wail and retlected from these to the sarlace to be 
Any nysteos which conceals the source of Tight by opaque. reflec 
user. Licks hnish must always be used ov the walls ast celling 
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fng-belgts are given tn Tale TV 


General Considerations i 


Outlets and Lamps. The lo 
the requirements for direct high) 
‘square and equal areas. Since, 
‘of the light is received from 
‘sible than in the case of direct lig 
placed, the less uniform the illumi 
‘the illuminating efficiency ef the} 
‘not be placed less than 2 ft from 
fixture should be determined by 
which will diewet most of the lig 
enough to illuminate the ceiling 4 


A. The Interior Colorings an 
of nearly white, cream, or light-h 
ward. Dark grecos, reds of blue} 
nation caused by a green color, ¢ 
60%. On the other hand, this.s 
ations on the ceiling, and no colo 
show dirt, where there may not b 


* This unpleasant effect exn somet! 
fixture 
4 By K.P, Wirerce, Wilda, Come 
4) By GS. Room, Marketa 
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‘preferably should be matt, of satin, rather than glazed of var- 
ithe matt ceiling-surface the maximum light will always be down= 
varnished ceiling will reflect specularly, directing light sidewise or 
cimages and glare. 


hd details of decoration should be considered together with the 
fy so that daylight-colors and reliefs will aot be reversed or dis 
ited light from artificial iituminants and shadows. 


\sitions of Outlets and of Fixtures. (:) Semflndirect unite 
fmible, be placed above the places where maximum light is 


{ should wot be so close to side walls as to cause light-spots running 
feture-moldings, ete 

should be placed logically with reference to the ceiling-pancls, 50 
brightly Ituminated ceifing-areas will be the ones that on account 
\hapes, or decorations, will naturally bear emphasis. If the panels 
p beams), and one outlet ix in each panel, it will ocdinarily be 
feenter, If several panels Intervene between units, the fixtures 
tho beams rather than in the panels, to prevent dark ceiling-arcad 
bof the beams, 

should be such xs to have the flluminated celling-areas overlap Hf 
lace ts uniform. 


oper Lamp and Bowl-Sizes. (1) Ordinarily the symmetrical 
faxtiires with respect to the other interior furnishings will largely 
ir sizes, although the bowls should never be so small as not to coms 
Land nearly surrotind the lamp-bulb. 

lee the bow! and the brighter the lamp, the less effective the semi= 
‘a becomes, and the more the effect approaches direct lighting. 


and Styles of Bowls. (1) Bowls used close together of hung far 
lig should he of the focusing (upward) distribution, while broadly 
wis aro better when used singly, or when fairly wide apart and 
Hing. 

po flat in shape may waste considerable light sldewise to the upper 
More be inefficient, 

pen-top bawls should not be used in halls, etc., where the bare 
dle to the observer from abowe, nor on or below the level of « bal- 
nine, 








Fixtures. (1) The average saving fn light (expressed Ins teres of 
Hithat results from washing once and dusting once monthly, wi 
6 tem times the eest of such cleaning. Bowls often collect Shms 
ure not visible and which materially reduce the eickency both of 
transmission 

With » dust-cap, button-ornament, or aniill area of 
(i Allow doad insects or dirt to collect at that 
dpeamnice of the unit 

Immonia Is an exceliont glass-cleanset. 

(nbould be arranged to be lowered, for cleaning, from above if on a 
(ng ina church ot similar structure 

id be possible to easily raise the lamp or lamps from within the 
‘of dusting or wiping out. A 

festive of good practice in the selection of mounting-belghts amd 
Histribution are given in Table VI. 
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* To determine the size of equiyalent Welsbach Jammge allow 1 co It per 
24 walla. Adapted from the Elecite Joutsal by ALJ. Alten. 


The Deslgning of Sse ae 





(x) From Twble TT should be determined the watts per sqwane fo 
for the given class of work, and the total numiber of wutts neces 
then be computed. 

(2) From Table 1V should be obtained the size of sunit desirable| 
height of room and the number and spacing of furtures then compet 

(3) The celling should be laid off in squares the sides of which are} 
possible equal to the value of the ideal spacing. One fixture shoal 
‘at the centor of each square. 

(4) Each lamp should be checked up on the plan to see that it 
clear of obstacles, and the layout incorporated into 
standard methods and symbols for electricity or 


Hs 
il 
i 





‘Designing of General Illumination 1369 
‘Table ¥. Staadard Symbols for Ges-Piping Plans* 


Ceiling-outdet; gas coly. Numeral indicates the number of 
Single-mantie grlamps. 
Single-lamp outlet (cciling-units, pendants, etc.); gas onty. 
Celling-outlet; combination. § indicates 4 electric lamps 
] od 2 single-mastle guslampa. 
Bracketovtlet; gus only. Numeral indicates the number of 
eslamps. 
| Bracket-outlet; combination. Indicates 4 electric Lamps 
and 2 exslarnps. 
Basehoardoutlet; ess only. Numeral indicates munber of 
saelamps. 
Plocr-outlet; xs only. 
Special outlet (tor portable lamp, heater, ete.); 
Ostler for outdoorstandand or pedestal; gas only. inde 
‘cates 2 paslamps, with 5 mantles per Lamp. é 
Ostiet foe outdoor standard or pedestal; combination. #4 
‘indicates 6 electric lamps, and 2 getamps, with § mantles 
per lan. 
Arclamp outlet; gas only. Numeral indieates the number 
ol mantles. 
Pamp or pneumatic lighting-system. Numeral Indicates the 
umber of lamps to be operated rom one pump, 
Push-button for magnet-valve. ‘The aumeral indicates the 
number of lamps to be operated trom one push-button switch, 


Meter-cutlet, 


Main or wapply-pipe concealed under Boor. 
Main or aupply-pine concealed under Boor above. 





puscaly. 


Main or supply-pipe exposed. 
Beazch pipe concealed under floor. 
Branch pipe concealed ender floor above. 


Branch pipe exposed. 
Street pat-enain. 














hb Pal 35 et 
Grigg = 15% 65x 2 

Walt, alee of Care Fei beth 

7 Seu ft per bow, oral ~~] 
2.60! por bour, Welabect enmene 










Number of unite 2 400/60= forty: 
Spacing (average) desired = 6 ft 4 a. rable Ivy) 
Number of rows = 25/6= 

Number of outlets per row = es - ae 





We \a. Woticatien ot Wen Shown fn Figs 1 


Fie. 1n's 0 madiication ch toe am doormen ie me 
enh, Lt wih rick yecdhuce such exten hana 





Distribution of Light by Reflectors 1361 


Haeectay i Gates are chesen which harmantee with the fur- 
room. ips are placed in groups of four on ten fixtures 
equally spaced 
room. Here 
fay posible to 
higher wattage 
where the illu- 
nwt sufficient, 
(ee of a proper 
lector fs shown 
(of Pigs, 2 to 
de noted in Fig. 





ttungsten-lamp Fig. 2 Distribution of Candle-power pbout a Bare 
freater part of Tungstea Lemg 

be walls. The 

if any light can be controlled to a remarkable extent by the use 









Holeohane Reflector, Leoemlve 
Tistributlon of Light 


reflector, Figs. 3 to 5 show how the several types of Holepiiane 
bute the fire 


+ Furminted by FE: 8. Rowe, of the Holophase Wocks. 





Fig. Holophane Reflector. Poeuving 
Effect on Light 


Watts pec oq ft 
Total watts: 
Average spacing 
Select 25/7 
Number of untts In row = 65 /12.5 = five 
Spacing in cow 2 Gieme 7 nae 
ies em tech ig gra aR 
Distance from to =s0 
Number of units = two rows of five mich 
Watts per unit = 2400/10 = 240 
Lamps per unit = one, 250 watts 

four, Go watts 

six, 4o waits 


Calculations tor this Reample for Gas-Lightleg — 
Welsbach kinetic burner used. 
Cu ft per hour per sq ft = 0.06 x 0.6 = 0.056 (Table Hi) 
Total hourly consumption = 65 % 25 X Cog = 7 colt p 
(see above) = ral it 

‘umber of units = ten 
Consumption per unit = 7/10 = 6 
Reflector and mounting-height as én preceding problem 
Lamps per unit one, 6 cu 

A DEK AUN OHO. a 


* See Wow 6 a | 
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Distributing 
Distributing 
Distributing 
Disteibuting 
Concentrating 
_| Distributing 
Distributing 
Concentration 
Distritrating 
Distributing 
Disteibuting 
Distributing 


.| Distributing 




















¥4|16|28] 20 | 22 
ef the limiting equare in feet that can be sniformly Mamsi- 
ome center Gatley 


HEB. Wheeler, X-Ray Rye-Comboet Company. 
















distribution of light from one ceiling-outlet. 


aepmteegt pele 


ne ot civen to the lelt, It & advisable to sebyenit data to ilscainatiog 
Greater celling-beights than 4 (t. 






Concententing 
Concentrating 
Concentrating 


‘Concentrating 


Concentrating, 
Concentrating 
Concentrating 
Concentrating 


Concentrating 





jination. 
‘Reflector Company 


e a Vi. Inthe first column ef Table V 
of ceiling, in 3 ft. The last square to tha 
has a numbee in ttle hncted. tne this caso the Mist square 
which hats a sumber in it, contains the umber gi BY b 
contiining the number 48 down to the figures printed 
‘of the table, the heavy-faced number in this case is 
the length af theaide of the ki 
minate when the celling 
the number of inches the fixture must be 
Jargest squares into which we cin possibly divide: 

But a room 25 ft wide cannot be divided into 2¢-ft squares — 
therefore, to divide it into squares of a tmaller site, 
illuminate any larger square. The i 

25 ft is ra} ft. We may, the 

squares. Locate the number 


hang th 
desired results. Looking along the squares te 

‘hn. the so,%e fad the word concENTRATING, Whid 
advised {or Laie imstallatiion, 





tre required. TS 
tg Shops. The surfaces here are generally high and offer 
{etles, so that «34 watts per sq ft, direct system, aro sufficient, 
(ms. Because the belts, machines and dingy floors offer great 
‘ices at least 2 watts per sq ft, direct system, are necessary. 

‘The dark molding-sind and the dust and smoke in the air make 


i 


fas. The semlindirect spt wth 26 wats fe wf abot 
ITs wads para Fe direct: mytera} aa ‘proved highly satis- 


+ by Gast Recent progress in incandescent 

serpent sash paca Sa he 
types are overcome, and for inaccessible 

ate very infrequently lighted, thera b Beats tact Eewpentaa 

(eteot desiicly, sion the scons ot Cioreei es 


ff 


gant-outlts for 
Wire bing developed in rapidly increasing umber 
‘de Dernes Tangs [BU Nearest Equivalent Stone, Jn, Hlenteto 














Ril about 20% less 
Ti dn bgt d : 
elving the Skylight and Hehe Khare wane atioe parent ¥ 
pattern imprinted upon 


‘eye in bright sunlight, but lest effective in 
this group which it is worth while, then, 
Ribbed and the Maze glass, 
‘The second pone oat comprises the onto 
(1) The Luxfer 
8 The Dat sht-prisms 
(3) ray light 
(4) The glass of prismatic seston ade by the 
(3) ‘Theeo-way prisms, 
(6) Malthy prisms, *: 
The Lusier prism consists of a plate smooth on pe 
‘on the other ax in C, Fig, 9, the teeth or ing of } 
faces of brilliant appearance. The glass is rhite, 
canopies and in the major part of the vertical ela 
about 4 in square. ‘Tiles are built up in large 
#0 made as to give to the sheets of tiles a 
of a single sheet of the same sie. ‘The Duster: 
use In large sheets, as well as in the small tiles, 17 
‘small tiles, which are held together In a metal | 
main difference between the Solar and Luster pristns is thal 
former pristn is curved instead of plane, a8 in D, Fig. Qs” 
tested were made in large sheets and of app 
general appearance as the Luxfer prisms for 
Prisms were teated, as none came to hand in # 
prism gas Ya mua Wke toe other yous ia 





‘Diffusion of Light through Windows 1369 


‘across the plate in a straight line, but in a wavy or sinuous fine. 
ising from this over the straight-edye prism was detected. 

1) The conditions in a toom less than 15 ft deep are such 
nskytight of less than 45°, it is not advisable to alter the general 
(by using a prismatic or ribbed glass. A nearly hemispherical 
is given by the 
splass, fs ordi- 


om is from 70 
over more, and 
Go" or leas, the 
ithe glass results 
win bn effective 
in brillianey is 
basement with 





{nd WAFOW Pip. 10. Refraction of Light in Ribbed and 
ralted openings Prism-glass 
tho available 
{may have the light 20 ft back from the window incresised ton 
bby ubing prisms: and, by using canopies of prisms, it is some- 
\ strengthon the light fifty to one hundred times. With sky- 
fess, and in deep rooms, the relative efficiency of the jirism 
ily. ‘The refraction of the incident ray in a case of the ribbed 
glass and prism is shown in Fig. 10. Ribbed 
and maze, glass are of very great value in 
softening the light, expecially in the case of 
such windows ns are exposed to the direct 
sun, aside from their effectiveness in strength- 
ping the light at distant points. With 
the Mane gles, the artist may have, in all 
weather and in al directions, what bs in effect 
a much-devired xox ticarr. ‘The photog- 
rapher may have in this way as well diffused 
a light as he vow has with cloth screens of 
shades, and with & much greater intensity, 
'To be efficient in rooms 20 ft deep or more, 
ribbed glass should be set with its sibs hori. 
zontal, and where the sunlight falls upon it, it 
should he provided with thin white shades. 
All inferences drawn from the test are made 
upon the assumption that the wiedews 
are to be glazed with diffusing hss only 
in the upper half, which i the common 
practice. If the lower sash bs to be glazed 
flsss as well, a further increase of about as) may be 








tand Fime Story 
m Court 





th expense and efficiency, the following general sugeestions are 
6€ Ripplo-glass in small rooms or offices not mace thas 1s of 36 ft 
PRibbed glass In roams from yo to 50 ft deep, with sky-angtes of 
prisms or Factory-Ribbod glass, in sheets, in all vertical win- 
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ELECTRIC WORK FOR BUILDINGS 


By 
W. H. TIMBIE 
APPLIKD SCHENCK DEPANTMEST, WENTWORTH INSTITUTE 


siderations and Definitions. Electrical energy fs now in com 
bing power, heat and light, operating bells and buzzers, and 
sssages by telephone and telegraph. In order to’ accomplish 
current of electricity must flow around an electric circuit. ‘The 
ity is not known, but the flow of it through an electeic circuit 
‘be flow of water through a system of pipes 
Rperes. ‘The flow of eater is measured in GALLONS PER SECOND, 
tricity is measured in AMPERES. An ampere-flow of electricity 
@ gallon-per-second flow of water, ‘The amperes thus indicate 
clectricity flowing through an electrical appliance in one second. 
eis flowing through an ordinary carbon-ilament incandescent 
is glowing at 
. The same 
ipere causes a 
a lamp to pro- 
‘eandle-power. 
aally requires 
fo 10 amperes. 
ott. When @ 
er flows from 
ther in a pipe- 
Iways because 
‘aulic pressure 
¢ it to flow. 
‘usually meas 
ls per square 
, when a cur- 
ty flows from Fig. 1, Curent Always Flows from (++) to (=) 
tootber fn an 

Ht ix because there Is an electric pressure present which 
W. This electric pressure is measured in vorts, An electric 
cr is analogous to a hydraulic pressure of 1 Ib per sq in, ‘The 
causes the Vi-ampere current to flow through an incandescent 
110 volts. The electric company instals at least two wires in a 
hen maintains an electric pressure of 110 volts between theen 
ter company maintains a pressure in the water-pipes, This 
is at all times tending to force electricity’ from one) wire to the 
ts the space between the two wires, just as the water-presmure 
te water out from the pipe. The rubber insulation is put en to 
w, Very much as the strength and compactness of the irom pre- 
f water through the walls of the pipe. But whee one terminal 
nected te one mire aad the other terntiaal to the other wire, the 
teachin to send 2 current from one wire to the other, sends a 
te damp aad causes Mt to glow, We mark the wire bringing the 














Power in Electrié Work 1378 
in 


Winnoter has a reaistatice of Oty Mico 
Accordingly, because of their low resistarice, Copper wites 
electric curtents, and because of its high resis 


ate 
He 
A 
iM 
F 
A 
: 
f 


He 
H 4 


per minute; a current of electricity is measured by 
‘The power requited to keep a current of water flowing: 
of the current in PouNDs rex “incre by the head, or pressure, 
fives the power in rooTnorNps pre wixUTE. To reduce to 
necessary merely to divide by 33 ceo, Thus 
{pounds per minute) x (feet) 
as” ecb pomer 
\the same way, the rowe® required to keep a current of electricity 
je product of the current in aupeats by the pressure in vouTs. 
jo power in Wares. 
Watts = amperes x volts 

WATE is metely 4 unit of power, and denotes thé power sed When 
fet oft atnpere of current to flow. ‘The warts consumed when any 
E flows under any preswute cts always bo found by multiplying the 
mperes by the pressure in volts. ‘Thus, if an incandescent lamp 
pete when tursing on 2 110-volt line, the power consumed equals 

9.5% r10.™ 55 watts 


ay 


Power « current % pressure 


‘Watts = amperes x volts 


What power {4 consumed by a motor which runs on a 220-volt 
takes 4 amperes? 
‘Watts = amperes x volts = 4 220 
Power ade watts 


| elcb Esmigephdeer ener g de atiaNy Seely don 
}.as to the amount of electric power it takes to keep them glowing. 

it lamp may be rated ad a tio-volt, so-watt lamp. A 
ip may be rated asa 110-volt, 25-watt lamp. ‘This means that both 
tended to run on a r16-volt cireult, but that it takes twice as mach 
Pp the carbon-filament lamp glowing ns it does to keep the tungsten- 


\ 
‘er-Bquation, The above relation between volta, amperes and 
tly expressed in the form of an equation: 

PolE 

I= P/E 

Be P/t 


= iia 
feat it argc: 
vine di rade 








Hl 


th to mise the temperature to a dangerous degree. 


f 
i 
i 
i 
= 
E 
: 
i 
a 
Eas 
+ 
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i 
g 
2 
z 
i 
E 
z 
3 
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this Tables IT and IV, se pages 1387 and 1388. 
Circuit-Breakers. Use is made of the heating effect of a 
Sircuit against too much current, very much as a boiler is 
fety-valve aguinst too much pressure. A small piece of 
ly & mixture of lead and bismuth, is inserted in the circuit 
the current which passes through the circuit must also pass. 
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Electric Machines and Currents 1377 


td for stereopticondtanterns may use as high as 2¢ amperes 
Betas ad in the wir pan fr ath wht ale 
Wires to be installed to carry one and one-half times this current. 


turret Enclosed Ares consume about 5 amperes at $0 volts, ot 

Arclasnps generally require a resistance in series with the aro 
palate properly, ‘This resistance susually placed within the struc 
Imp, and may be so adjusted that « single lamp can be made to 
ny’ circuit from 100 to 150 volts. 


Weetric Machines. There are three classes of dynamo-electric 


(rors for generating an electric current. 

for couverting electrical into mechanical energy. 

lomwncks and OKAKY CONVERTERS, 

‘mnasfermers for converting one voltage into 4 higher or lower 
voltage. Converters and transformers belong to the same class. 

jotazy converters for changing alternating currents to direct 
currents of vice versa. 


| either a motor or a generator. 4 moron is the same machine as 
Wirt with the nature of its operation reversed, GENERATORS are 
‘al classes, namely, continuous-current and alternating-current 
le latter are commonly called aureanators. Genotators and 
kinds vary in voltage, current and speed, according to the yur 
h they are destined. A TRANSFORMER consists ementially of two 
jet coatte and one fine, wound upon an iron core. Its function 
tlectrical energy from one voltage to another. If it reduces the 
(own As & STEP-DOWN transformer, and if it raises it, it is known 
lrassformer, A transformer has no moving parts and requires no 








Currents Produced. There are two kinds of electrical currents 
Afar light and power in hulldings, (1) muect cumments, and (3) 
CURRENTS. 
lurrent % uitiform in strength and direction, while an alternating 
sises from zero tos maximum, falls to zero, reverses its direction, 
Tntumts the new direction and again recurs to sero, A compe 
name #8 called a cvete. The number of times the current goes 
ichanges during each second &s calfed the rregckwcy of the current. 
fy commonly used for Incandowent lighting is 60 cycles per 
fix the current goes through the abave changes in’ value 60 times 
Wi iicirnsctne a8 ne: miele Us leds nevi neue abner tA em 





(2) Turse-wive systear used in, 
the public mains, usually. at 
pepe 

FIVE-wink and StVEN-WOKE $Y: 
Europe, but very little in America, 

Alternating-Current, Constant 
toms: 


i ~ oe 
(1) Stvone-riase sysrem. Current & 

2 000 volts and reduced to from 50 to 

Waist: is used in connection with alt 

of crrourr. Thus a si n 

sending out power from one circuit only 

bas three elreuits. 





Blectric-Lighting Systems 1379 


b alternating current may be changed to « direct current at a sube 
| rotary converter or by a mercury-are rectifier. The latter is very 
ed in garages in order to convert an alternating current into @ direct 
charging storage : 


| of 

hereare three ways 
& lamps to the dis- 
es: (+) in series; 
allel; and (5) in 
i 


‘ps in Series, 
fied to be connected 
they arearranged 
be other, eo that 
rent flows through 
The most com- 
‘ef this system is the lighting of electric cars and the stations 
{allway line. ‘The voltage af such lines is usually sso volts. Since 
Pincandescent lamp requires but x10 volts, five of these are placed 
‘a Fig. 3. Each lamp now has a pressure of r19 volts across it, and 
* the set of five lamps requires 350 volts across It, and so 
«an be placed actoss the railway supply-wires. When 
lamps 'are arranged in series the total resistance of the 
ddreult fs the sum of the redstances of the several parts, 
and the voltage required to force the current through a 
} number of lamps in series is the sum of the voltages 
required for the separate lamps Thus the voltage 
required to supply the proper current: for four s2-volt 
amps is 4 x 52 = 208 volts. Arc-lamps for street-lighting 
are often connected in series, but incandescent lamps are 
‘very seldom connected in series except as described above 
or for decorative purposes or electric signs. Where lamps 
‘of low voltage, as In signs, ete. are used on s20-volt 
‘ystems it is necessary to connect them in series, The 
underwriters do not approve connecting incandescent 
famps in series. ‘The series system requires that the same 
‘current flow through each lamp, and if one lamp bums 
out the circuit is broken and all of the lamps will go out, 
‘unless some provision fs made for maintaining the circsit 
around ‘the dead lamps. 
i (2) Lamps in Parallel. ‘This is the common method 
of connecting incandescent lamps. It is illustrated i 
= Fig. 4. With this system the pressure in each lamp is the 
hePar, Mme as io the distributing lines, and any lamp may be 
ee ho turned on or off without affecting the other lamps For 
tele this aystem the Pxrssurx of voltage must be kept: cote 
stant, while the current or quantity of electricity flow= 
| looney ae 
iwelve 16-candle-power lamps of 110 voltage on a parallel circuit, 
fequiriag o.st ampere when all the lamps are burning, @ current of 
borgry.2” watts. will be required With but one lacap burning, 
* Watts being equal £0 asiperes thoes voltage, 





; 





cam 


Hetween Outside Wires; Onl 
Outside Wire and Neutral Wi 


the mains. There are a nut 
connection may be used. 

‘The Edison Three-Wire | 
two-wire system of distribution 
sized office-buildings, apartm 
Sor motors is to be takers from 
‘he power fs tnt too great a po 

‘Wirt sytterh may alee We weed 
eumansnices we tun Vor Nok t 
the curren\demacA om Noe 





Flectric Lighting § 
| the lamps, if on the same malns with the motors. Where, 
nes are required 


aad the asnount of current to be supplied is 





Swine sysrea Is used, By this system two yoltages or pressurey 
|, £10 amd 220 volts helng those generally adopted, the 1z0-volt 
‘the arc and 
its and the 
| the motors. 
tow the wires 





aE 
h 
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fll 
aaet 


HT 


cathy 
ettzee 
Winds 


$4 





th 


&. 
i 
£ 
E 
gE 


cults, Three Circuits to 


4a one cirevit aad ape of 6 
ther circuit, te curreat Howley in the neutral wire will by 4 


l 





‘To Bereet Maina 
Fig. 10, aren kes See 


on the two-wire system as ia Fig. 8. When using the th 
Nighting only, the ie hecho ‘usually mun po farthe 
than to the centers of 
tion, and from these centers 
‘two wires are run for each or 
‘cuit, the circuits being divided 
as equally as possible on the 
two sides of the three-wine 
system as shown by Fig. ® 
‘Theee-wire mains are now very 
commonly used where the cure 
tent exceeds roo amperes. 
When motors are operated, 
from the three-Witesystem they 
are usually connected only to 
the outside wires Motors 
used on three-wire incandes- 
cent-lighting systems should 
be wound for 220 volts. 
Comparison of the Three- 
Phase and Three-Wire Edi- 
son Systems, The wiring for 
the Edison three-wire direet= 


current ays 
tem, the only difference being that the voltage sm 
& three-phase system is the same. Thus in Fig. 30 wi 
wite, t 








al | 


wel or 
jot usual) 


dreuit it will be somewhat 1 
‘the wire. ‘This loss in volts 
corresponds to Loss Or tte) 
below that for which the ly 
itis very important that thi 
sufficient to affect the illun 
wires has nothing to do wi 
cause in the wires. Accord 


these mains and disteit 
{t) That the wire is lar 
10 carry the current safely. 
(2) That the potential dr 
not be excessive. An exces 
light and not enough copper 
Where the Sarrentt \. say 
2% drop, but where the & 
premises, a 3% ox SMe See 
Giwances Wood be Vet 





Wire-Calculations 1885 
In percentage) = current in line % resistance of line, of drop 
x ohms, 


it will be the drop ina circuit of No. 14 copper wire 280 ft 
ine lamps, requiring 4.5 amperes? 

iTable V, page 1389, it is found that the resistance of No. 
jhms per +000 ft; ence fer afo ft it will be 2.527 x o.280.— 
Arop in volts ® 4.5 .7075 = 5.1857 volts. The voltage for 
Ampere per lamp) will be about. s10; consequently the per- 
fenton 2Me% nearly, A 2% drop on a pressure of 


(ribution. The meaning of this tefm may best he Mhustrated 
Let Fig. 12 represent a cirewit carrying six lamps, the first 





‘The Point D is the Center of the Lamp-tistribation 


‘om: the cut-out, or source of supply. ‘The whole of the current 
led through this 40 ft, but from that pont it will gradually 
(erage current will only extend to the point CD, halfway be- 
© hangs. Or, in other words, the canter of distribution 
tenter of gravity of the lamps on the circuit. ‘The center of 
fines the length of the line in the rules for finding the tecee 


enters are the points ina building Where the cut-out cabinets 








‘Wire-Calculations 1387 
fable IL. Carrying Capacity of Wires and Cables 




















Weather- 
root 
3 s 
6 1” 
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Led tS 
83 100 co 
895 $00 = = 
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ant of one ampere will supply two 16-candle-power carbon Lamy, 
‘in this case we use one-half of V, or 45, and 2y instead of w; then 
Circular mils = 19:1 % 200% 48 * 0.51 


4 
boveTH the section royuired for the two-wire system. The size 
td is No. 8; a No. 9 would answer if jt could be had. Comparing 
wire required with the two-wire system gives two No 3 wires 
Bb por 1 cco ft, and with the three-wire aystern three No, & wires 
tb; hence, the saving in cost ts nearly sof and if No. y wire were 
tsaving would be ss%. With a drop of 3% (sop volls) the cle 


‘aired for the three-ize system = $24 % 290 SASK OSE A ag, 


= 11920 


i 
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* Approximate weight of wat 
here given, 


To find the smallest size of 
it is only necessary to comput) 
select the wire having a cipac 
amperes, Table Vi shows ats 
170-volt exchoo lamps peemitt 

Pormulas (¢) and (2), paige 
fexuiced ctirrent in amperes fs 
pares tor N Ke. 





——— Wire-Calculations: 1389 


of Line for Girea Number of Lamps that 
pitetace ten, heme ee 
cartontamp. Ono 




















malas with 220 volts between outer wires and same number of lamps on, 
‘of wire may by increased four times. 


“Maximum Carrying Capacity of Wires in Teems of 16-Candle- 
oc 11-Volt Lampe, However Short the Wires May Be 
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iretes denote the number of 16-candle-power carbon-lamps 
same sumber of 25-watt or 4o-watt tungsten-lamps may 
(out overloading the circuits. See pages 1398 and 1399 
Symbols, ‘The current to be obtained from the wines of 
jompany, which carry a current at 220 volts between the 
{ 1x0 volts between either outside wire and the neutral 
's for the building should enter through the alley-wall at 
second 








in those “Fir, ruse rues erry 
Wghtson Fig, 14, Cabinet-witing for Knife-switch Control 

‘sockets. The lights on circuits B and Dare not switched, 
bead of stairs, which is controlled by a snap or push-button 


first-class job all of the four circuits would be controlled 
the cabinet, a» shown in Vig. 14: but this is not absolutely 





The center of distribution of cireuits A, C, and D would be 
marked X (Fig. 13). For circuit # take one-half the dis. 
it the distance from ¢ to the cabinet. In figuring the lengtls 
tadded for the drop from ceiling to the cabinet, Let us as 
lamps are to be used. In computing the current taken by 
ys assumed that no smaller than a 4o-watt tungsten is used. 


hed-Q> would probably be 2g-wntt lamps, but must be 
j 


according to the underwriters’ rules The number of 4o 
1th of wire for each circuit are as follows: 


jhts, 41 ft one way to center of distribution, 
‘hts, $2 ft one way to center of distribution. 
hts. 37 fe one way to center of distribution, 
hts, 59 ft one way to center of distribution, 
(er of laps, 47. 


‘see that the maximum length of line one way for No. 14 
carbon or sixteen 4o-watt Lamps ix yo ft. Consequently, 
te can be No. 1y wire, which is the senallest size perraltted, 
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Double poe nap and push ition enitches ace sean 
Jamps. DupLex swircnas, sometimes TuuKE- 
of the snap or of the push-button type. 


ua 
ffi 
i 
} 3 
ii 


i i 


late Pipe. ‘The Uning constste of a thin ef enamel 
Weide, nuipie SE atte |, hrydrochhric 

‘impervious anes ae 

the same thickness as ordinary sas-piping  approwed by the 








ctice of using fused rosettes will not be aj except in mills, 
wires run down the side wall they must be protected from me~ 





approved. 
lamp-cord will not be approved. Lamp-cord is designed to be 
Ordinary insulated wire must be run to place desired. 

s must bo installed in accordance with Rule a5 af, National 





distributing point is gener 
convenient to have a cut-o 
@) Number and kind o 
plans, and the number of ti 
See pages 1398 and 1399 f) 
for controlling lights should 
Approximate Cost of W 
estimates af the cogt of wirle 
the number af outlets (not 
ber of pounds of wire requ 
cut-out eublucts, ote and 
‘© Witieg specications Vary 
pared by oa expen, 
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Wobe made without plans and specifications. galt wages and 
ial vary to w considerable extent in ditlerent parts of the country, 
hat that vould be about right for one locality would not suffice 
The following figures, however, will enable anyone to form an 
txof what any proposed wiring-job will cost. 

MW labor as not more than ewe-thied the cost of the installation. 
ldtabe ‘wotk in new houses of less tnin seventeen outlets or 
ps, with no switches except main switch and a rough cut-out 
Nabeston, allow $1.50 per outlet 

ls of work, from 25 to 100 lainps, allow $1.75 to $2.00 per outlet. 
bor involved in wiring old buildings will add from so to $@% to 
ie 

tehsloop with @ single-pole snap-switch, add from $1.50 to $4.75: 
tet-loop with singlepole push-buttan switch, add from $2,25 to 





ap controlled by duplex or three-polit switches, add from $5 to. 


Mucod cut-out cabinet with door and Tock, adif trom $7 up ac- 
(her of circuits and finish. 

cabins cost from $5.50 up. 

hosed wiring, as in factories, can usually be. run for fron $1.00 
bp, including rosettes, cord and sockets, the cost depending very 
bw closely the drops are spiced. 

fitions with iron-armored conduit will probably cost front $s to 
Large installations will cost somewhat less. 

hting-plant of 200 lamps, wired on the concealed knob-atdstube 
bt from: $s 250 to $1 sco, and a similar plant with 6oo lamp will 
fe to $3 000. These prices include engine, dynamo-switthboard, 
and wiring, but no switches for controling lamps. 

bored conduit-system will add about $2.75 per outlet 

above estimates include the cost of fixtures extesit in the case of 








hd sorkets cost about go cts per lamp. Singlé-lammp fixtures may 
from $1.25 Upwards; doublelamp fixtures from $2 upwards. 
xtures cost about 25% more than straieht electric fixtures. 
ribber-covered wire varies from $8 to $60 pers coo ft acesrding 
(westher-proof wire from 16 cts to a5 cts per pound. 











‘eting-outlet; combination. § indicates: 
intima aca tik as Mea Ups 
Bracket outlet; dlectrie only. 


Floor-outlet. Numeral in center indicates sumber ol 
Incandescent leinps. 


‘Outlet for outdoor standard or pedestal, electric only. 
number of standand 16-<. Incandescent Lamy. 

‘Outlet for outdoor standart or pedestal; oxebination 
6-16 cp. standard incanievoest Lamps; 6 gas-barae 


One-lamp outlet, for Lamp-receptacle. 
Arclamp outlet. 

® Special outlet for flighting, heating and 

OSD Caiting:-am outlet. 

'S. P. switeh outlet, 
D.P. switch-outlets, 
soway awiteh-outlet. 
aeway smiteh-outlet. 
Automatic dear siteh-outlet. 
Electrolier wwitch-outlet. 
Meter-outlet. 
Distribution-gune). 
Junction or pailhbor, 
Motor-outlet. Numeral in center indicates home-power 


i 
i 


i 
i 
U 


i 
i 


F 
i 


a 


Motor-contro! outlet. 


‘Transformer, 


* Hf tunpten-tamps are user instead of the Seare 
stand for the number of ag-watt tungsten-lampe, ® 
Acarest in candlepower to a r6-candle power 
‘one-half the power. Since tungsten-lamps avenge about £.2 wabie 
‘oany architects vlace va von cas the caunsber of watts to be tse. 
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fing-Symbols Adopted by the National Contractors’ Association 
ad the American Institute of Architects (Continued) 


Main oF feeder-run concealed under flor. 
— Main of teederrun concealed under floor abore. 
TAA Malo or feeder-run exposed. 
——  Beanch circuit-run concealed under floor. 
— Ginneh clreult-un concealed under Noor above. 
t—— > Branch cicuit-run exposed: 
@— Poletine. 
Riser 
‘Telephone-outlet; private service. 
‘Telepboneoutlet; public service. 
‘Bell-outlet. 
Bozzer-outlet. 
Push-button outlet. Numeral indicates number of pushes. 


‘Annunciator, Numeral indicates number of points. 
‘Speaking-tube. 

‘Watchman-<lock outlet. 

‘Warchman-statioa outlet. 

Master time-clock outlet. 

Secondary time-clock outlet. 


Door-opener. 
‘Special outlet for signalsystems, as described in specifications. 


Rattery-outlet. 
Cal foe clock telephone, bell or other service, run nde at, 
Kind of service wanted ascertained 
Sich tos comoee 
—— Cireuit for clock, pee bell or other 
floor aberee, concealed. Kind oi seevine want 
by symbol to wbich line connects 


fol wall-outlets. (unless otherwise specified): 
ow Ary 5 













ter (unless otherwise speciiied) 


{ cxnidlepewer per outlet, ‘Thus 
this outlet va total too watts, three ente co 
Piebeerecrer ts any tase oeal be tos nce Ge Rae ane 


li 
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vas 90 small that a word spoken in an otdinary tane of voice wus 
{and a balf seconds afterwards. During this time-even a very 
ker would have uttered the twelve of fifteen succeeding sy Wablex. 
taive enunciations blended into a loud sound, through which and 
was necessary to hear and distinguish the orderly: progression of 
toss the room (his could not be dooe: even near the speaker 
eanly with an effort weansome ia the extreme if Jong main- 


(flection, Reverberation and Echoes, With an audience filling 
anditions were not so bad, but still not tolerable. "This may be 
bso chosscs, as a process of MULTIPLE gkeLXcTION from wall 

id from floor, first from one and then another, losing a Wetle 
until ultimately inaudible. ‘This phenomenon will be 
Juding, as a special case, the neuo, {t must be observed, 
in general, reverberation results in a mass of sound filling the 
Incapable of analysis into Its distinct erflections. 11 {s thus more 
gnize and impassible to locate. . The term kcuo will be reserved 
ar case in which a short, sharp sound is distinctly repeated by 
once from a single surface, of several times from two or more 











fay of Sound, In the general case of reverberation we are 
with the xare or Decay of the sound. In the special cwse of 
tenncemed not merely with sts intcasity, but with the interval 
between the initial sound and the moment it resches the ob- 
room mentioned as the occasion of this investigation 19 discrete 
tly perceptible, and the ease will serve excellently as wu ihastra- 
teeneral type of reverberation 

Audibiity of Residual Sound, After preliminary eropinus, 
Fature and then with several optical devices for measuring the 
nd, all estabtished metheds were abandoned. Instead, the RATE 
measured by measuring what was inversely peupartional to it, 
audibility of the reverberation, or, as.it will bo called here, the 
CbnsiLiTy OF mm ResINCAL soUND, These experiments may he * 
vantage bere, for they will give more clearly than would abstract 
(ea of the nature of reverberation. 


oom and Nature of Furnishings. Broadly considered there 
ly two, variables in a room, stare (including siz), and MATERIALS 
shings). In designing an auditorium an architcet can give cow: 
ath; In repair-work for had acoustic conditions it ineally 
% change the shape, and only variations im materinls and 
allowable. This wns, therefore, the line of work in this 

















fe Absorbing Power of Diterent Substances. 11 was evident 
(gs being equal, the rate at which the reverberation would dis- 
(portional to the rate at which the sound was absorbed. The 
lore, to determine the RELATIVE ASORMING POWER of various 
‘Wh an organ-pipe as a constant source of sound, a suitable 
T recording, the duration of audibility of a sound alter the sogece 
this toom when empty was (ound to be 5.62 seconds, All the 
he gents in Sanders Theater, Hoctun, Mass, were thea beought 
ln the lnhby, Ow beinging into the Iecturesroon a number 








—— 
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‘settees, per single seat. 
chairs, bent wood, 

fred settees, hair and leather. 
ied settees, per single seat 
red chairs, similar in sty! 








{Absorption of Floors, Ceilings and Wall-Surfaces. Of 
Fempow te determination of the CORFFICIENT OF AnSORP- 
clings, 


the accom- 





























fof the Fogg ° 2% W090 00 18) 340100 0 oud E30 Bu) Be Ba ane 
5 Length of esahlons ta aoetees 


ed in the Fig. 1. Curve Showing the Relation of Duration of 
1. Tf now Residual Soand to Added Absorbing Material 


{ the axes of coordinates ure the asymptotes of the rectangular 
w, the displacement of the origin measures the Initial Pe) 
‘m, Sts floors, walls and ceilings. Such experiments were carried 
(umber of rooms in which the different component materials 
different degrees, and an elimination between these different 
fe the following conercrenx or Ansoxrtion for’ different 


i in wpe coment 





the Reverberation for Any Room. If the experiments 1 
Hotted in s single diagram, the result is a family of InvrsxnoLas 
‘very interesting relationship to the volumes of the rooms. 
[ab iopttckes the partncoe, which equals the preduct of the 





In this attempt the effort 

was made to determine the 

coefficients for the five 

octaves from Cy28 to 

C2048, including notes E 

and G in each octave, 

For several reasons the 

experiment was not a suc- 

cess, A threatening thun- 

derstorm made the audi. . 

ence a small gas, and_the sultriness of the 
3 whi 


necessary; while 
the experiment bey: 
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fit was much 0 awh a00_pon 00 ooo Law) Top 

atwhichcame Volumes of rove 

summer, the pie4, ‘The Parameters &, Plotted Against the Volumes 
Proportional 


re ayy Rel ‘of the Rooms, Showing the Two 
and it was 


Jose. the windows during the experiment, The conditions were 
tslactory. In order to get as much data as possible, and in as 
there were nine observers stationed at different points in the Foun. 
"These observers, whose kindness and skill 
It Is. pleasure to acknowledge, had pre- 
pared themselves, hy previous practice, for 
}—}—| this one experiment, ‘The results of the 
experiment are shown on the lower curve 
inFig. 5. “This curve gives the coernicuerr 
OF ANSORPTION PEK FERSON. It is to be 
observed that one of the points falls clearly 
off the smooth curve drawn through the 
other points. ‘The observations on which 
this point is based were, however, much 
disturbed by a streetcar passing ot fir 
from the building, and the departure of this 
observation from the cueve does not indi- 
cate a real departare in the coefficient, noe 
should it cast much doubt on the rest of the 
work, in view of the circumstances under 
which it was secured. Counterncting the, 
perhaps, bad impression which this point 
may give, it is considerable, satisfaction to 
note how accurately the point for Coit, 
determined six years before by a different 
Se Se Se Sr set of observers, falls on the smooth curve 
bileg Power of an Audl- through the remaining points. The upper 
pPainent Notes curve represents the absorbing power of i 
. audience per square meter, as, 

(vertical, ordinates are expressed. in terms of total absorption 
eter of surface, Kor the upper curve the ordinates are thus tho 
Eieats of absorption. ‘The several notes ave at octave-tatervals 











Sa Gs, Eee 


Rie ty, Anata EO ae ac 
cons. Set a i 


octave between Cra and © 
but time did not permit. 
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tre conducted and the limited time available. One point. in par- 
ler off from this curve, the point for Crasé, by an amount which 
¢ feast, serious, and which cas be justified only by. the conditions 
the work. was done. The general trend of the curve seems, how- 
hed beyond reasonable doubt. It ls interesting to note that there 
ef Maximo: ansoRPrion, which is due to resonance between the 
© sound, ond that this point of maximum absorption fies in the 
tough not in the lowest part, of the xawon or rrzcar tested. It 
‘oon interesting to determine, had the time and facilitics permitted, 
the curve beyond Ci4096, and to see if it rises indefinitely, or shows, 
(Hkely, « succession of maxima. 
fof Sound by Cushions. The experiment was then directed to 
ition of the AusoxrTION o SouND by cushions, and for this purpose 
lide to the constant-temper- 
Working in the manner 
the earlier papers for sub. 
[eould be carried in and 
© curves represented in Fig. 
ined. Curve © shows the 
bkPricHeNT for the Sanders 
fons, with which: the whole 
was begun ten years ago 
(@ cushions wore of « partic- 
rade of packing, a sort of 
Wegetable fiber. ‘They were 
canvas ticking, ond that, in 
very thin, cloth covering. 
br ceshions borrowed from 
tocks House. ‘They were of 
filled with long, curly hair, 
With canvas ticking, which 
jovered hy a long-nap plush. 
br the cushion of Appleton 
== with a en wi 
Asharper maximum and. a 
Iminution in absorption for SS Se Se Se SES 
Pquencies, as would be cx- Pig. 7 Ateorblog Power of Cushions 
mich contitions, Curve 4 
Ye most. interesting, because for more standard commercial con 
ily used in churches, ‘This curve is for the clastic-felt cushions 
fof clastic cotton. covered with ticking and short-nap plush. The 
fer is per square metcr of surface. It ts tobe observed that all 
(ll off for the higher frequencies, all show a maximum located 
fave, and three of the curves show « curious hump in the second 
(breakin the curve is a genuine phenomenon, as it was tested 
Re. Tt is perhaps due to. a S&coNDARY RESONANCE, and it ix to 
that it is the more pronounced in those curves that have the 
‘nee in their principal maxima. 
Interference of Sound-Wayes.” In both articulate speech and 
source of sound ts rapidly and, in general, abeuptly ebiwniging in 
and loudness, In music one rrreat is held daring the lengthy of 
fticulate speech the unit or xurmxxt oF Const ANCy is the syllable. 
tech it Is eves Jess thar the nagth of a ayblable, for the open-vowel 
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pd under these conditions is called the UNTERFERENCE-SYSTEM, 
Ar pote, of the rooms or space in question. If the source of sound 
(ped, it requires somo time for the sound in the room to be ab- 

‘of sound after the source has ceased is called Keviat~ 
‘he source of sound, instead of being maintained, is short and 
‘as a discrete wave or group of waves about the room, reflected: 





Fig. & Distiatlon of Intensity of Sound 


{I producing echoes. In the Greek theator there was ordinarily 
tloubling the exse-ending," while in the modern auditoriums there 
filly arriving at « loss hiterval af time after the direct seed, 
Batingulshable, but strongee and therefore snore distushiing. 

ling Air-Disturbances. ‘The formation ani the propagation of 
admirably wtodied ly an adaptation of the s0-caBed SCULLAEMEM 





Ye. Veotouroh of Soundwave, 











Pig. 11, Photograph of Sound-wave and Echoes. Vertical Section 





Pla. 12, Photograph of Scund-wave and Echoes. Vertical Settlog 





tigation of the propagution through it of 
unos te roan eae 
taken off and, as the sound is passing 


Fig. 14. Photograph of Soundwave 


by the light from a very fine and somewhat 
Panyiing Mhuettratons, reduced from the phe 
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fand its echoes Figs. 9 to 12 show the sund and its echoes at 
ages in their propagation through the room, the particular part of 
ium under investigation being the New Theater la New York City, It 


415. Photogmph of Soundwave and Echoes, Horimatal Section 


ult to identify the auisree-wave and the varlous xcnoxs which it 
ot, knowing the velocity of sound, to compute the interval at which 
heard. To show the generation of echoes and their propagation ia 


f 10. Photograph of Soundmwre and Echoes. Horiseatal Sectlon 


Upllane, the celling and floor of the » are removed and the photo- 
lta vertical direction. The photographs shown in Figs. 13 to 16 
(thoes peoduced in the horizontal plse p i theough the marble 
front of the box. 








Example, 
it weighs 3.3 


Solution. Weight in air (5.52 Ib) divided by I 
2.66, the specific gravity. 
2.66 x 62.555 Ib m 165-84 Ib = 
* The textbooks differ slightly fa 
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Sravities and Weights per Cubic Foot of Various Substances * 







































bbe specific gravitics is pure water at 62° F., 
keer pin. Weight of # cu ft of water, 
62,383 Ib 
; heaters | 26 
beri at 60° F., under pressure of one atmos- 
Wa Th perna in, weight Jgre the weightolwater! o.cotay| —_o.0767 
larbonate ati toa.76| aes 1674 
‘elute, at 32" F. om ws 
peromnt.... ie 0.94 we 
der cent ots 50.8 
farnerceal 0.833 3.95 
eater) 0.55 HS 
“2 wre 
Yanmeret 2.75 any 
drawn 2.66 167. 
whet 2.67 166.5 
pure 2.67 6.5 
cut | 236 160.0 
rtour| tos 8.0 
18 os 
oa 543 
bre, em S.81 
past 6.70 435.0 
ative 6.6 46.0 
aryt otras | O78 46.8 
y s7 tose | 5.73 uT3 
21 x0 2a 135.0 
mathing-paper t 75.0 
an white, dry 6 sho 
Lona, solidly packs Q swtoas | 
wireet-paving. r 169.0 
hittor t & 75 
(i, gravel ‘ Hn 
vt ° 22.5 
3 m0 
4as ms 
kpeock, average 296 m6 
ye NJ 3.00 74 
ion. 298 tKe.0 
¥. 2M 
Gistora| oy 
om 
o@ 
Foe 
astride) of 
i 97610990) Oke 
°F. ' | 
18 toa ' | 
7 tore ' 
‘ | 











tor weights per cubic foot are 
the Editor 


iven int this table for sppecific ra 
In, the computations and compilations of these \ 
shied to Mr. T. %, Tal valuable amsistance 
Mdry”" im this connection iodieates that the wood opntaine pet more that 
ie. Green timbers usually weigh from onedfth to nearly one-half imoee 
inary bailding-timbers, tolerably arasoner, owe-siith more. 




















‘The hasis for specific eravit js gure waterside” 2, 
2 Weught OCF ca Meck wat, 
fasss 


Borwoad, Dutch, dry? 
Boawool, Hrazilinn, dry t.,. 
Brass (copper anit vine), east, 
Brass, shoot, 
Brass, wire... 
Bricks, building 
Bricks, common... 
Bricks, Light, inferor 
Bricks, lime-sand, 
Bricks, Magnesia... 
Bricks, gressedt 
Bricks, presse, 
Bricks, soft 
Bricks, fire 
Bricks, paving... 
Brickwork, presurd brick, 
Brickwork, eovedtiuy ity. 
Brickwork, coarse, inferior, 806... 
Brickwork, at cas Ib per cu ft, yl ea ser Name 
and 17.92 cu ft equal mrs 
Bromine 
Bronze, coin 
Bronae, gun-metal 
Bronze, ordinary 
Bronan 
Butter 
Butternut-tree, dey f 
ami 
Caleite 
Calcium 
Camphor, dry 
Caoutchoue (India Rubber) 
Cart e. 


ite, dry, 
Cement al (Rosenate), Joon, 
Cement, Portland, setid 
Chalk. 
Champarne 
Chan 
Cherry, 
Chestnut, dryt 
Chromium 

Cie 


* The values given in this table for specific sravities and for: 





4 The work dry" in this connection indiesten that Che 
15% oh mesieare, Gren 
Ahan dry, cotlmary Waiting Als 
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fitles and Weights per Cubic Poot of Various Substances * 
(Continued) 








prcific gravitios is pure water at 62° P., 
Pin Weight of reu {tof water, 





t4.8 to t.AK, of Pean,, 1.30 1.7... 

broken, of any size, loose, average. . 

tbeoken, moderately shaken... 

Fy turoken, heaped bushel, loose, 77 to 83 tb. 
(y eiben, a ton locas oceusica 49 to 43] 








































tis, solid, 1.2 bo 1.5 

teas solid, Cambria Co., Pa, 1.27 10 £3 
las, broken. of any size, loose... | 
us, moderately shaken. ...... 

usa heaged bushel, loose, 70 10 78. 

(as; F ton oocupies 4§ 40 48.618 Be sesesn..| 
id quality 

eaped bushel, 35 to 42 1b, 
mn oceupite 85 to gr cu tt 








yitor: 








whe. see to 110 
fed 8.810910 
. shot 9.0 
‘sire, is 28 00 9.0 

‘N6waD 
Wis ¥ee-}0 3.93 fo 4.08 
t 1.04 be 1.40 
jan, dry} " 


] 

loam, perfectly dey. loose. .. | 
Joum, perfectly dry, shaloen 

Soaen, gerleetly dry, rammed 

Joam, slightly mous loose | 
Soom, more moist, loose Rus 
Sean, more moist, shaker 

Joan, more moist, packed 

Jou, as soft, flowine mud 

Team, as sott, flowing mud, well-greased, 











in this table Sor specific gravities and for 


fy" io this connection inticates that the wood contains not more than 
Green tisnders usally weigh from ome-4ith to nearly anehall more 
fy building-timbers, tolerabiy seasoned, ooe-sixth more. 











py ats. Tea 


ibert-tree, dry 
pk Douglas (see Dough Pir): 


Ghar, white, 
‘Glass, plate, 


Greist (sco Granites), 
Gold, pure. 
Gold, hammered, native. 
Gold east 
Granites and gitins, Connecticut, Greenwiclty oy...) 
‘California, Penryn Charabtewtie) 
New York....2.c 
Maryland, Port Deyo 
Masachusetts, Quiney (horablendel. 
Wisconsin, Athélstane.... 
Georpis, Litharnia and Siece Mowsitad. 
Minnesota. 
California, Reeklia (muscovite). 
Rhode Inland, Weaterley.. 
Comnecticnt, New lamdon. 
New Hamgshire, Ki 
Maine, Hallowell, 
New Hampshire, Concord. 
Vermont, Marre: 
Wiscons 


Grindstone, 
Guim arabic. 
Gonemetal (sce Bronze). 
inpowdler (granular), 
Gutta-percha 


* ‘The values given in this tatile for specibe gravitien and fae 


AVEMAGE value. 
4 ‘The word " dry in this connection indicates that thes 
15%. ol mosute, Green Univers analy exigh dram ome 
Van dry, ordinary Waimea, WvemBey 
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tvities and Weights per Cubic Foot of Various Substances * 
(Continwed) 


Specific gravitien iv pure water ut 62° P., 
fe pin, Weight of s cu te ol water, 




















62.355 tb 
ero Paris. . . 242 
+ wbeerned. 
ned, in lump. . 
fer, sotid. 
ber, loose. 
ter, shakers. 
woe Larch), 
stacks, about 512 ca tt ger ton. . ry 
t O42 a 
Wh ary t of | se 
cerenut, dry | ots fo se 
bark, dry... “ | 0.86 me 
ems ary. om | aka 
dey. oO ar 
mut, dey | ov we 
fidey. 0.73 o4 
‘ 07 jana 
mas ws 
wane : oy 105 5 
3.01038| 32s 203.7 
6 to. » ho 
* am who 
} 2209 me 
6.9 ba 7.4 | 0 tae why 
Jndry, coud ya no 
lndry, molten 6.98 a6 
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Specific Gravity 1421 
ind Weights per Cubic Foot of Varlons Substances * 



































(Continued) 
sravities is pure water at Ga* P, 
Weight of x cu ft of water, 
2.355 1b 
” 235 140.3 
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on a3 
1 8 55 
295 sy 
os cr 
063 ae 
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this table for specific gravities and for weights per cubic foot are 


(this connection indicates that the wood contains not more than 
jm timbers usually weigh from one-Glth to nearly one-half more 
ding timbers, tolerably seasooe, corset more, 
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Spelter. 
Spirit, evctified 
‘Spruce... 
Sveel, wrought, « 
Supar 
Sycamore, dry. 


on 
BAuswerere ses gs: = 


une 


Tin, rolled 

Tin, cast 

‘Tin, enolten 

Trap (wo Basalt). 

Tungsten 

Turpentine 

Typeaetal, caste. 

Uranium 

Urine. 

Viriepar 

Woinut, black, dry. 

Water, pure rain, distited, 

Water, pure rairt, distilled, 
ter, pure rain, distilled, 

Water, sea 

Wax (see Beeswax). 

Willow, . 

Wine. , 

Zinc or spelter 


Pea 
get 








PRP UPVIYP FP eT 

* The values given in this table for specific cravitles and for weights 
svouceehee ee ets i 
+ The wont "dry ™ in this connection indicates that the 

15% of moisture. Green Ganivers manly sell Eien 

han dry; oniinary Walling runtvers, vikeriley Wanna 
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(IRE-GAUGES AND METAL-DATA 


@ isa method of designating the diameter of wires or the thick- 
tetal by the numbers of a table arranged on a certaln fixed basis. 
© present time several gauges, resulting in great confusion, 
$402, gives the diameters of the gauges in common use. ‘The 
{n this country is the United States standard gauge, described 
(is used by most of the manufacturers of sheet iron and steel 
‘he Brown & Sharpe gauge is commonly used for designating 
fires (see page 1424); also tor sheet copper and brass, ‘The 
ind Wire Company uses the old Washburn & Moen gauge for 
d iron wire and also for wire nails. ‘The sectional areas for 
ven on page #426. When placing orders for sheets and wire, 
to specify the weight per square or linear foot or the thickness 
tousandths of an inch. The gauge for steal wire, used by the 
Sons Company, is given on page 4o3, and the clrcular-mil 
(87. 
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Specific gravity... 
‘Weight per cubic foot 
Weight per oubie inch, 


* This table i taken from the hand 
As there are many gauges in use 


of a certain speciied gauge 
for sheets and wire should 
Uhickness \o 
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Kinds of Wire M7 
‘Wire Manufactured by the American Steel and Wire 
Company 


, Nos. e000 to 18. 

dne-wire or weaving-wire, Nos. 16 to 47. 

ket-wire, Nos. o to 18. 

e-wire, Nos. 16 to 4a. 5 

wire, finished with great care as regards roundness and exactness 
18 to 50. 

‘vire, Nos. 00000 to 18. 

tre, }4-In diameter, down to No. 26. 

ele-stoel wire, Nos. 12 to 25. 

(uoxet-wnte applies to the ordinary and most used forms of Bes- 

ED, BRIGHT, GALVANIZED, TINNED and CorrxuED wires. 

‘“Iroa-Wire Strand. The diameter, list-price pee 109 ft, weight 

eee ete Ets tone x oumnle E Ue See Seve 

napter XL. 




















* Adapted from the 1gr2 Edition of the Handbook of the Cambria Stl 
Johnstown, Pa. 
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Yeights and Areas of Square and Round Steel Bars* 
‘Weights are for steel, at 434.6 1b per cu ft 
















































Q 
Weight 
per 
foot, 
iT 
gure} 0.785 | 7.0] 2.03 
3.88) 0.557 3%) 7208) asot 
3,93] 0.994 3420) 7.0) 26.8 
as | 108 Mss) p80] a7 a3 
sgt] 127 35,92 | 8.26 | 28.20 
S857 | 1.353 ny 8) 29.30 
6.48) 1.485 73) §o46 | 3048 
7038 | 1.65 4o18| 9.28) 3rg6 
7,652! 1.767) 6,008 || 34 | teas] ar6s| 9.600 | gag 
Sgt! 1.98) 6.520 || He | ta 6) a4) 9.968] an.g0 
Mid vom] post || | thre) 4468) 10.39 | 35.09 
9 2.357 | 7.604 || 1a) 1x0] 46.24) 1068 | 36gx 
tour | ages) Birr |] HM | 14.06] arte lores | arg 
try | 2.s80| 8.773 || "He | tase a, aa 
eos | 2.761) 9.988 || 36 | i502] st os! 19 
42.76 | 3:98) 20.63 || "96 | 15.50 440 
(fae, | aoyz| 20.6 |] 4 | 26.00 ans 
|] tae6 | adr) at36 |) He | 26.50 “97 
{Lasas | saz] s206 |] 6 | rer a4 
Way) 3.258) 32-78 |) He | 27.54 as 
() #722, | 2.976.) tesa | | tof eu 
|} resp | 200) caus |) Sie | 8 a7 
|] tpa8 | aay] acer |) 6 | 1934 sn 
fom | 46) ase |) Me | 19.69 as 
i] anas | 4.97] 166 |! 34 | eas “07 
V[agaay-| ositsr | aziss)|| Sie | sons 8.9 
|[ayas | saz] 1640 || $9 | ar.29 8 
[] 2698 | 8.63 | 19.29 || Me | 21.97 Ba 
|]asa | sow] 20.20 | HM | 22.56 60,25 
1] 36,90 | 6.2n3 | 21.12 He | 23.16 6. 
|] mite | Gana | aace || 4 | asc 646 
(]apaa | 6777 | 23.04 || 4a | 24.38 | G.t0 
fom the x9x2 Edition of the Handbook of the Cambria Steel Company, 
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‘Weights in Pounds of Flat Rolled Steel Bare 
eR LINEAR TOOT 
‘One cuble foot of steel weighs 489.6 tb 
Por thicknemes from }{s in to ie in and widths from }4 in to §4 in 





Width of bar, inches 
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Weights of Flat Stecl Bars 1433 
‘Weights in Pounds of Flat Rolled Steel Bars (Continued) 


FER LINEAR TOOT 
‘For thicknesses from }ie to 2 in and widths from 3}4 to 74 in 







































Width of bar, inches ] 
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\ 9s | 6.80] 7.65 te.20 | tes | 11.90 | t2.75 
670] 265) 8.66 sah] tags | 13.29 | ta 
74a) 8.50] 957 rags | tose | 14.87 | A558 
$18 | 9.38 | 10.52 14063 | 15.20 | 16.36 | 17.53 
oy | 19,20] 1148 t9.g0 | 16.58) 17.85 | 19.33 
9.67) mes | 1240 46:58) 12.95 | 19.34 | 90.72 
roar | 1090] 13.99 spt | t9.a4 | 20 83 | 32.52 
tr6 | tags | dane 19.43 | 20.72"| 22.92 | ag.gt 
Tage | 1.60) 15.20) 29,40 | 22,40, 23.0 | 25,50 
ta6s | t4as | 16.26. 92.68 | zx48| 35.99 | 97.10 
txa9 | 15.90 | 17.22 | pa.gs | 24.87,| 26.78 | 28.68 
tary | 164s | 1827 24.23 | 26.24 | 28.26 | 30.28 
3487 | 37.00 | 19.23 25,50)| 27.62) 29-25 | 32.88 
45.62 | 27.85 | 20.08 | 22,02 | 24,54) 26.78] 29.00 31.93 | 29.48 
H6.g6 | B70 | 22.06 | 22-28 | 25.7% | 2h.0s | soap] B72 | 38.08 
ays | 99.85 | 22.99 | 2446 | 26.88 | 2g.an | 3077 | Moat | W.65 
APRS | 20.40 | 22.95 | 28-50 | 28-05 | 30,60 | 33.5 | 35.70 | 8.26 
¥8.60| 20,25 | 23.90 26.57 | 29.22 | a8.88 | 34.83 | 37-19 | OE 
Hoge | 22.19 | 24.87 | 27-63 | 90.39 | asas| 39.98 | 98.67 | ata 
pooh | 92.9-| 25.82 | 28.09 | 3155 | 304s | 37.92 | 40.06] ayer 
20.43 | 29.80 | 26.73 | 29.75 | 34,73 | 35-70. | WOH | 41.45 | 04.63 

| 

| n | 38.to | 26.98 | saves | 3-14 | 46.22 
98. | asic6 | ghey | atone | 44a | a7 te 
» | 36.23 | a9.s3 | aaa | 4.10] apa 
» | 3rwe | 40.60 | 44.20 | 47,60 | 5#.00 
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For thickoesses from }ie to-a in and. wistthas froen 6 9 ne 
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Estimating Weights of Metals 


for Estimating the Weight of any Piece of Wrought 
Iron, Steel or Cast Iron 






Rules for Weights of Castings 

the weight of the pattern by 38 for cast iron, 13 for brass, 19 for lead, 

‘rr.4 for ainc; the product is the weight of the casting. 
Reduction for Round Cores and Core-Prints 


Ultiply the square of the diameter by the length of the core in laches, 
{uct multiplied by ory is the weight of the pine core to be deducted 








FSasU SRRES SMES BRSES SERED SURES Fasec 


t wand 6 = either side, outside measurement. are ky = amber, 
been made in this table for corners counted twice. 


Example. What {s the welght per linear foot of a £2 by 16, 
column? 

Solution. 24+ 25=24+32= 56. Opposite this surmber, an 
metal, we find 162-5, or weight per linear foot of a column sa by a 

Note, For flanges, brackets, etc., calculate the cubical 
Thultiply by 0.26; cast tron averages 450 Ib per cu ft, 








Weights of Cast-lron Columns 137 
‘Weights per Linear Poot of Circular Cast-tron Columns 





‘Thickness of metal, inches 
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\ wo 413.0 | ty40 | ash.00 | nT ayo 
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300.6 | 125.0) 199.10 | 173.10 | 196.6 25.0 
Ff 308.6 | asr.a') 23.50 | rho | 206.2 Ae 
n19.5 | 137.3 | 164.10 | 190.10 | 316.4 mae 
tus. | 143.5 | 171.29] 399.00| 226.0 54 
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Cr 6 | 0.85) 82.8) 

tro | 2 | ot. 76'| fos.00 | 107 Ke 
%5.80 4 | 322,60.) 137,00 | 433,20 








$ | 143.42 | 14.90 | 1530 
1730 | 197-80 
ene 
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7} 271.16 
498.9 2» ae 
73.9 $0 BT.70 
28.30 ree Bai co 
243,00 Biz vis. 32 
357.79 352-10 37.70 
72.9 ego 4.00 
B12 203 fe 434.38 
72,00 Ww. 487.60 
H6.7° 2 481.00 
ae © $04.20 








tie la arranged for the weight of plain shalt, For brackets, flanges, etc., cal 
contents and multiply by a26 
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‘The following table, giving the weight of Gast 
‘when estimating the steel and fron in tall buildings.* > 


TEMS RSLS RAR RAas 





Screw-Threads, Nuts and Bolt-Heads 1439 


Screw-Threads, Nats, and Bolt-Heade 
Standard Screw-Threads 


(pended by Frasitlin Institate, December rs, 1364, and adopted by Navy Dew 
iol the United States; by the R. R. Master Mechanics’ and Master Car-Builders? 
(ms by Jones & Laughlin Steel Company; and by many other of the promi 
heering and mechanical establishments of the country. 





















ots | cox || 2 as a7 | ago 
0.240 | 0.045 a ae 1.2 3.eay 
0.204 | 6.068 ayy 4 2176 a9 
osu | oo || aM] 4 zu | 4a 
oo O16 a a 269 saa 
Oe of aM ae 25. 6 sto 
OF 7 shh Ri +100 Te 
©. ome mm a In7 a6 
om | ou || 4 3 33% | 9968 
0.637 oss |) 4M a Bad 13 
op | of || 4 ar ach | 127s 
ies | (ORS a] 4asé | 14.236 
116 1 sy | 5 4 swe ss-765 
tam | ores || si | 2 | acm | ms 
ray | oxsis || ste | om | goss | 19.267 
rot | 076 || 5H cis $.205 | 21.262 
16m | 2.650 4 Fry Sas | 23.098 





put = }4 x diam of bolt + 34 io. 

but = 136 X diam of bolt 4 }i¢ in. 

rough ut = diam of bolt. 
wut = diam of bolt ~ $0 in. 

Ammeter of rough head = 1}4 X diam of bolt + 14 in. 
meter of finished bead » 134 X diam of bolt + Mie in. 
rough bead = 14 short diam of head. 
diam of bolt — His in. 
E diameter of & beragon nut may be determined by multiplying the short dé 
1ag5, and the long diameter of a square nut by multiplying the sheet diameter 
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Weights of Bolts and Nuts 


‘Weights of One Hundred Bolts With Square Heads and Nuts 
INCLUDES WrGuT OF XUT 


Hoopes & Townsend's List 


MAL 











Diameter of bolts 
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ed stantial ie 
Wi, | Sie in,| 960, | Hein, ‘| £54 bs scl uy 
| — 
| | | | 
402 | 7.00 | to.ge | 15.20 | 32.80 | 0.30 | 6y.00 7 
4.2) 7.92) 41.25 | 16,30 he an fo | O00 . 
4:75 | 8.00 | az.00 | 17.40 | 25.45 | 43.33 | 69,00 | t09.00) shy 
5.45 | Bso|s2.78 | 130) 26.47 | 45.88 | 72.00] 13.95) ify 
$5 | 9.00 | 33.50 | 19,00 | 37.80 | 48.00 | 75.00 | 47.50) 174 
SS) 9.90 | 14.25 20.70 | 29.12 | §0.12 | 7S.0O| Bat.75) 180 
6.28 | 99.09 | 45.00) at. fo | 96.45 | $2.25 | 81,00 | $26.00) 185, 
7.00 | 44.00 | 96.0 | 24.00 | 33.10 | 36.50 | 87,00 | BB4.a5) 198 
7,75 | 12.00 | 18.00 | 26.20 | 35.75 | Go.7s | 93-10 | tar pace 
#50 | 13.00 | 19.50 | 28.40 | 38.49 | 63.00 | 99,05 | Est,ce] 318 
9-25 | t4.00 21.00 | 30.60 | 44.05 | 6). a5 |105.90 | 59.55) 229 
19.60 | 15.00 | 22.50 | 32.80 | 42.70 | 73.0 |t11,25 | 568.00) 240 
19.78 | 16.00 34.00 | a5.00 46,38 | 72.78 [17.20 | E76, at 
ou 35-0 | 37.20 | 49.09 | Ra.co |tay.as | WS.co] 26a 
27.00 | y.40 | 58.65 | 86.25 |129.40 | r99.65] 273 
3M 38 §0 | 41.60 | 84.36 | 99.90 {135.00 | aoz.co) 384 
‘ 3.00 | 43.80 | 39,60 | 94.25 |24t,s0 | ax0.70] ans 
cad | y | 46-00 | 64.90 [103.25 [153.60 | 227.75) 317 
16 3 | A.20 | 70.20 [118.35 [165.70 | 224.80] 399 
nm x $49 | 75.59 |139.25 177-40 | 961.45] yo 
me |: ‘ $2.60 | 80.80 [128.75 [189.90 | 278.90] 382 
43 | . | 86.00 |137.25 (202,00 | 295.95) 404 
“ 4 tae |tas.75 214 to | 313.60) 36 
45 | | (6.20 [154.25 [226.20 | x90. aa | 
16 : 102,00 |162.75 298.30 | 347.08) 47. | 
v 250.40 | 365.15) a | 





os 4 | 2a.o wiz sta | 
774.70 8.25] 5 

| 296 Ho | 415.36) 58 | 

fear} ass) ner) ans 12.81 | 36.70} at.ta'| 



















‘Welghts of Nuts and Bolt-Heads, in Pounds 
For calculating the weight of longer bolts 









im inches 





of hexagon nut and head. | o.er9) 0.057 
of square aut and head....| 0,028) 0.069 





[Pibiaeteter of bots, in inches Js 


of Bexagon nut and bead...| 1.10 


of square nut and head..../ 1.a¢ | 





























Nails 443 


NAILS AND SCREWS* 


Based upon the process of manufacture there are three kinds of nails 
(bn tise, namely, plate or cut nails, wire nails, and clinch-mails, "These 
ly described in the following subdivisions of this article and other data 
im the subject is included. 

(€ Nails. Cut nally are made from 2 strip of rolled iron or steel of the 
lekness as the finished nail and a little wider than its length, the fiber 
tin being parallel with the length of the ail. Special machinery cuts 
Fout In alternate wedge-shaped slices, the heads are then stamped 
find the finished nails dropped into the casks. Cut nails made frem iron 
fally preferred for use in exposed positions. Cut nails are made in x 
[adapes to suit special uses For ordinary use in building, nails of three 
shapes are made, and the nails are called Conarox NAICS, YINESIERATLS 
fec-xAms. The common nails are used for rough work, finish-nafls for 
Work, and casing-nails for flooring, matched ceiling and sometimes for 
hugs although the heads are rather too large for finish-work, Cut nulls 
[ing te return to favor as they have holding power and lasting qualities 
Ro wire nails 

Ads. Brads ere thin nails with a small head, used! for small finish, panel- 
bets. ‘They vary from $6 to 2 in in longth. 

tat-Nail, Clout-nails are made with broad, flat heads, and are sold 
larying from % to 244 In in length. They are used ebiefly for fastening 
lad metal-work. Special nails are also made for lathing, slating, shing= 






















lke Neils, These haveal late years become as common ax the cut nails, 
(old at sbout the same price. ‘They are said to be stronger for driving 
ut nails, not so Hable to bend or break, especially when driven into hard 
bed less fiable to split the wvod; for these reasons they are generally 
by carpenters, Wire nails are made from wire, of the same section 
ke the shank of the nail, by a machine which cuts the wire in even 
Naas and points them, arid, when desired, also barbs them. In general 
chesification ts used for cut nails. It should be noticed that the gauge 
Pe and the shape of the head vary in the different kinds, and that some 
fed others plain. The various types of wire pails are drawn £OXD, 
bie MAKuED, for the domestic trade; for export they are drawn O¥At, 
bor DIAMOND-sILAPED, according to the country to which they are to be 
(eed its requirements. It is customary to charge 15 cents more per 100 
(ndard nails, saxue, than for the same nails, <Moorit. 
feeh-Malls. These are made from open-hearth or Bessemer-steel wire. 
Iaary wire nail will clinch, expecially when made with peck-nE oF 
points for clinching purpowes, or even otherwise, if annealed, These 
(used only in places where it is desired to turn over the ends of the nails 
belinch, as in the case of battens or cleats. 
hath and Weight of Nails. ‘The length of nails fs designated by pen 
)e. This clamification originally represented the price in English pence 
lalls, as od per roo, etc. In that sense it is of course now obsolete, but 
retained ancd iy practically uniform with the various manufacturers, 
fut and wire nails. The weights expressed in pennies ran from two 
budaty pennies, the larger sizes being designated by fractions of ars Inch. 
freed from asticle hy Thomas Nolan ia chapter on Tullders! Hardware tk ree 
lea of Building Construction and Superintendence, Part If, Carpenters” Work 
sadder. 









































Holding Power of Nails 1445 


differing only in the Meads, and ate either COOLERS br SINKERS. 
have large flat heads; the latter, heads slightly reinforced by counter« 
hey are made to replace common nails, In sizes from W in te + Ln, 
for framing, boarding, shingling and staging, and for boxes and 
fults of tests made with cement-coated nails to determine their 
stance fa comparison with the common smooth-wire nails are give 





ing table shows the result of tests made at the United States Arsenal, 
Mass., in 1902, the wood being pino: 


ative Adhesive Resistance of Common Smooth-Wire Nails and 
Cement-Coated Nails 
(oweee driven into the same plece and were perpendicular to the grala 


Length Adhesive 








Bire and name Diameter, | driven, | resistance,t 
- | in tb 

cortmom, smooth, ] asus | at 1 

cated 887 aK 4a 

eomrnon, smooth owe | al ita 

| coated Ceiry a mm 

¥, gommon, smooth. One 2 1 

Vigoated ont 2 316 

‘poerien smooth. 2097 ™ tot 

poated . 0,092 om 26 





Tot the nails were left with their heads projecting from }4 te 44 in. 
‘erage of three trials. 


Power of Nails. A committee appointed by the Wheeling nail- 
brs, a number of years ago, to test the comparative holding power of 
$mails, published the following data, although the kind of wood is not 


Pounds Required to Pull Nails Out 
| 











| cur | Wire | cut | Wire 
| ba) et Ee 
any... 1913 | 7a || Sixpenny. seed ay | 200 
oe | 315 |! Pourpenny 6 | ay 
¥ | a7 





(ng power of nails varies with the kind of wood into which they are 
Istin T. Byrne gives the relative holding power of woods a8 avout 
bite pine, 3; yellow pine, 1.5; white oak, 5; chestnut, 1.6; beech, 3.25 
elm, 2; basswood, 1.2 








fomparative Holding Power of Cut and Wire Nails 

rough tests of the comparative holding power of wire nails and cut 
IAL LENoTHIS AND WerGItTs were made at the U. S. Arsenal in 1892 and 
‘forty series, comprising forty sizes of nails driven im spruce wood, it 
{hat the cut nails showed an average superiority’ of 60.g0%, the com- 
‘bowling an average superiority of 47.51% and the Gnishing-nalls an 
f2.22%. _In eighteen series, comprising six sacs of HOX-NAILS driven 
Wad, in thece ways the cut nails showed an average superiority of 
Who series of tests did the wire ails bold #s muctr as the cut nails, 
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Nails, Spikes and Tacks 1447 


Steel-Wire Nails, Spikes, and Tacks 
LENOTH, GAUGE AND APPROXIMATE NUMBER TO THE ROUND 


from Catalogue of American Stoel and Wire Company, 1910 
American Stool and Wire Company's gauge. (See page 1426.) 
























































fummon nails anc brads * Casing-oas || Pinishing-naliet 
1 fe, | 
Number Number Number 
Tength..! Gauge | to | Gauge | to | Gauge | to 
i pound pound! pound 
‘ 5 a6 | ase | toro | a6 | tase 
i “ ss | us fas | as ter 
nr ui | ae | a} as Bs 
aM oh} om | 4 “6 | 15 0 
2 nh ame bid 2x6 1s wy 
ai nis 160 mais mo | a 
4 teh 1 | uh us | ui 1 
ah rol w nh ut ht rm 
y 9 6 104 oo | mM kn 
a” 9 63 108s a ust my 
wt 8 | ca. }s0 m | om 90 
yw 6 a 9 ss wn ba. 
a] os 2 9 % ree 
leo is 5 s | 
a eae | i a= 
4 hg femttey » Shingle-nails 
S Length, a 
Spikes £ ‘Site rm Gauge 
t at 1h y 
| Nember “4 + » 
[PRE | Ovuse | 10 i ae ie 
tome og! m6 a 
| —| a 2 B 
| wo} oak u 
3 6] a u 4 = 
aM $ * of | aM it 
a4 $ ‘a tol © 
4 ‘ 33 : - 
a4 a ee Vim tale 
5 2 % aoe » 
a me ine at ‘ wie | rast 
pas ed wi) om los tial 
bed 3 ee ee 
at | 
iw i canta}! Mast vy 
: ” 
2 w| aM cit a | a | tes 
A point. 





ls for cocrespooding 
Mac ate it ciscplnts an Sana puns ls with coures beads a 





‘Wire carpet-tacks are made polished, blaol, tiated, of copgereds th) 
sterets’ and bill-pesters' ot railroad tacks: 








Screws M49 


(6 the acid which results will rust the metal and will also tend to 
‘he masonwork at the point of entrance of the bolt. 


‘The substitution of screws for nails in building operations ts a 
eof modern work. ‘Trimming hardware of all descriptions {s put 
and a great deal of panel-work, inside finish, ete., is pot together 
Stop-beads, the casings of plumbing-fixtures, etc, should be fas- 
mews, as well as all kinds of store and office-fixtures, and cabinet- 
fal, except where the joints are glued. Serews aro also largely used 
‘mniture. ‘They present a neater appearance than nails, have greater 
‘rand are less apt to injure the material if it should be removed and 
y making holes for the screws with « bit, all danger of aplitting the 
led. The ondinary type of screw has a gimlet-paint by which it can 
ithe wood without the aid of a bit. ‘The heads are made in various 
different uses. Screws are made ordinarily of steel, but sometimes 
jromse. The lator sort are used for screwing in place finished hand 
‘ame material, and have heads finished to correspond with the trim- 
Lectews, also, are finished with blue, bronze, lacquered, galvanized, 
face, to match the cheaper class of trimmings. The galvatiized 
in building operations at the seashore. Screws with blue surface, 
SCREWS, are generally used with japanned hardware and {or stop- 
hherever a cheap round-beaded screw is desired. Silver, nickel, and 
‘crews are also manufactured for use in connection with similar 
tel serews for wood are made in twenty different lengths, varying 
fin, and cach length of screw has from six to eighteen varieties in 
tere being in all thirty-one dif- 
8; 80 that eltogether there are 

et about. two hundred and fifty 

fs of ordinary screws used for 
‘Khe most common shapes are ane 
at head, round head and oval [ | 1M 
ovalshead screw. is tapered for sumed 
ag but is slightly rounded on top. Lag and Coach-senews 
bed:point steel screws are made 
frdriving with a hammer. These can be driven with a hammer 
Jength into amy hard wood, and then held by one or two turns as 
the ordinary screw, In ordering screws both the length and 
hhe gauge or diameter of the shank, the material and finish, and 
hich they are to be put, should be given. 


Metal bave the same diameter throughout and the threads are V- 

















Berews, The sizes of screws are given in length §n inches and the 
(egauge, the gauge denoting the diameter. Thus, a t-im No. 12 screw 
tnd 0.2198 in in diameter, The gauge-numbers range from o to so 
‘hs from 44 to 6 in. The lengths vary by cighths of an inch up to 
{ters of an inch up to 3 in and by halves of an inch up tos in. Screws 
im long are made in about sixteen different gauge-numbers. Table 
lox, gives the diameter to four places in decimals of an inch of the 
Few-gauge. It should be noticed that, unlike the ordinary wire- 
0 of the screw.gauge indicates the diameter of the smallest screw. 
fmeter of the screw Increases with the number of the gauge. 


‘ws and Coach-Screws arc large, heavy screws used where great 
fequired, as in heavy framing, and for Axing ironwork to timber, 








Excavating {s almost invariably measured by the ed 
measuring excavations of irregular depth soe page Gs. 
Lents of wells and cesspouls, the circular ares 
the table on page s1, and this circular area, 
give the contents in cubic feet, ‘The cast of 

inarily made up of the following | » 

(1) Loosening the earth for the showelet 

(2) Loading by shovels into carts or 

G) Hauling or wheeling it away, inchue 

(4) Spreading it out on the dump; 

For every large job, such as 
towance for keeping the havling-road ta 
and for carts, harness, superintendence a: 
excavated can be spread over the ground edi 
tion the loosened dirt may be removed by serap 

‘Duta tor Eatiating Cost of Loosening 
‘team of horses wil \ocen irom, 29 io A 








Data on Excavating 145i 


tyd of ordinary loam. One man with a pick will loosen 144 yd 
clay or cemented gravel, ¢ yd of common loam, or 6 yd of light 


quantity of Loosexeo kARTH that a man ean shovel into a cart 


2.08 yd 
id r7cuyd 
Mi dressier ssn .via) cs Hie. vey amit 


{ when loosened swells to from x}4 to 1}4 times its original bulk 





of vehicles used for moving excavated materials is about as 





we arent vase see gto aaute 
lump-carts * «» 18 to 22 cu ft 
ump wagons chcsteeneeenues 27 tovgs cuit 
DB. . . . sto pute 
pers vinere 29 to a7 can ft 
ot walls... VTL apite Bo cu ft 


tal Length of Haul with drag-scrapers is about rgo ft; with 
jy goo ft with wheelbarrows, 250 ft; with one-horse dump-earts, 
Verage speed of horses is given as about 200 ft per minute, 

le data'for estimating ¢ the cost of excavating may be found tis 
ter's Handbooks. 

pth, Sand and Grurel. For general calculations the followlag 
‘nay be taken: 





] 
fof chalk weigh 1 ton | 19 cu ft of gravel weigh 1 ton 
feol clay weigh t ton | 22x ft cf sand weigh r tom, 
frof earth weigh § ton | 





lon. A cubic yard of rock, in place, when broken up by blasting 
wbeelbarraws or carts, will occupy a space of about 145 eu yj 
cost of hauling or removal is about so% more than for irks 
fat $1 per day, the actual cost for looseniag hard rock, including 
pweder, etc., will average about 45 cents per cubic yard, in place, 
fy cireumstances. In practice it will generally range betweets jo 
pending on the position of the strata, hardness, toughness, water 
erations. Soft shales and other allied rocks may: frequently be 
‘and plough as low as 15 to 20 cents, while on.the other hand shal- 
tery tough rock with an unfavorable position of strata, especially 
Hexcavations, may cost $1 per cu yd, of even conalderably more. 
faverage bard rock requires about $4 to 14 1b of powder per cu yy 
ature of the rock, the pasition of the strata, ete., may incrense 
pre. Soft rock frequently requires more powder than bard. 
(et will drill $ to ro ft in depth of holes about 24 ft deep axel 2 In 
in average hard rock, at from x2 to 18 cents per ft." § 











Toad for two-horse wagbas such as are commonly used! for Bauiling dirt, 
efrom: 14 to 21 cu vd 

ocket-Book, by A. T. lyrne. 

Indbook of Gost Data, by It. 2. Gillette. 

(Gncer’s Pocket-Bouk, J. C. Trautwine, 











Flagstones and Curbing 1453 


from $2.75 to $4.99 per perch, $3,500 perch being adalr average; 
dortar, from $3.30 to $4.99 per perch. 
isblar depends very largely upon the kind Of stone used and the 
to be brought. The price of the rough stock on the cars at the 
( may vary from 75 cts to $1.55 per cu ft for granite and from 
\ for sandstones and limestones, depending largely upon cost of 
1 cu ft of stone should make 2 sq ft of ashlar, at lensty 
t atone expecially suitable for ashlar and sell it at about gocts per 
bs a2 in high. 
Utting asblar, with stone-cutters' wages at $4 peeday, will average 
‘t1sq ft for soft stones, from 4 to 20 cts por a4 ft for hard sand 
tomes, and from a5 to 3octs for granite. “The cost of setting ash» 
bm to cts per sq ft to 25 cts for soft stones or jo ets for granite, 
average price for sandstones and limestones. 
(ut-stone trimmings depends so largely upon the kind of stone 
“Tmpossible to give prices that would be of very much service. 
igures, however, may serve as a general guide in forming a rough 
\rices if anything being probably a little above the cost of the 
post localities. 
for Sidewalks, ordinary stock, natural surface, 5 im thick, with 
‘@ ling; fe lengths, along walk, from 3 tos ft, will cast, for a 3-ft 
cts per'sq ft, or if 2 in thick, 7 cts; for « 4-ft walk, rocts; and for 
ets per sqft. The cost of laying all sizes will average about 4 cts 
|abowe figures do not include the cost of hauling. 
by 24-In granite will cost at the quarry from yo to $5 ts per Min ft; 
ting will cost from 12 to r4 cts additional; and the cost of freight 
ist also be added. 


me. The following figures show the approximate cost of cut 
Arlous uses: 





\,slae 8 by to ft, extges and top bushshansmered, per square 












sure. 
i. aise § bys fe elect neck, ‘edges clean-cut, natural nha’ 


{by Bin, clean-ent, per linear foot 
Shy # in, clean-cut, per linear foot. . 
Bim, clean-cut, per hineit foot... 
bin. clean-cut, per Tinent foot, 
iby 22 in, clean-cut, per linear foot. 
tim, clean-cut, per linear foot, 
(lai rosketace siem ond top, gr linear foot 
Bib rice tace lees an top, pe lene foot 
 roeketace ediges and top, per linear foot. 
Doar by sao: perticae Bes 

thick, per square foot. 














‘of cut stone above given must be added the cost of setting, which, 
f steps, etc., will be about ro cts per linear foot, and for window. 
{sets per linear foot. For fitting, about 90 cts per cu ft, and for 
dlints after the pieces are set in place, about 5 ta per eu ft 








Sand-Lime Bricks 1455 


bmmon standurd sles are 814 by 4 by 2}¢ in and 84 by 4 by eMiim 
England States the common brick averages about 734 by 3 by 244 tn) 
be Western States common bricks measure about 8)6 by-a)s by 28ein, 
knewes of the walls measure about 9, 43. ind 2a in for thicknesses 
tnd ats bricks. The sizes of all common bricks vary considerably in 
jording to the degree to which they are burned: the hard bricks being 
Mein smaller than the salmon be In England the common 
B34 by 496 by 2% in, Preesed bricks or face-bricks are more uniform 
(ost of the manufacturers use the same size of mold. The provailing 
(med bricks are 8% by até by 255 and 8% by 4 by a5é Pressed 
bo made 4) in thick and 12 by 4 by 152 in, those of the latter size be+ 
termed MOWAN BRICKS OF TILE. 

(G7 oF peicks varies considerably with the quality of the clay from 
are made, and also, of course, with their size. Common bricks 
Ut 434 Ib each, and pressed bricks wary from 5 to 5i¢ Ibeach. For 
fit OF marks end brickwork, see Chapter V, ‘Tho Ymee-wRicks are 
tious forms to suit the required work. A straight brick measures 
7i4 in and weighs about 7 Ib. ‘To secure the best results fire-bricks 
(id in the same clay from which they are manufactured, this being 
Water into a thin paste. The thinner the joint, the better the wall 
fat. For ravinc-narcks the size and weight vary according to the 
‘to the requirements of the specifications, The stAxpAaxp bricks are 
8 in, requiring 61 bricks to the square yard, on edge, and weigh 7 Ib 
(essen bricks are 2}3 by ¢ by 8% in, requiring 58 to the square yard: 
656 tbeach. Murxaronrran bricks are 3 by’ 4 hy 9 in, require 45 
‘e yard, and weigh o's Ib- each,” 

ortar Bricks.t General Deocription. ‘The so-called sANp-Limt 
[originally made of time mortar, molded in brick form and hardened 
tothe air. Such bricks are said to have been largely used in ancient 
[iis claimed that remains of such materials dre now io evidence and inn 
jolpecservation. It is known that they were formerly used in Europe 
Wwhero other materials were not readily available, and that they have 
some Jocalitics in this country during the past thirty-five years, 
knows of several houses in Haddonficld, N. J. built of such bricks, 
th the exterior surfaces plastered. One of them, however, said to be 
ly-five yenrs old, has not been plastered, and am inspection (rgas) 
flicks to be in an execliont state of preservation. Lime-mortar bricke 
Ihe almorption of carbonic-acid gas from the air. This gas enters 
ition with the lime, forming carbonate of line. ‘The hardening proce 
several weeks’ exposure under caver and the product has not virtues 
commend it where other materials are available. 

he Bricks. It was discovered in Germany about 1875 that. limes 
(could be hardened in a few hours under beat and prowute, amd it 
iter that the chemical reaction under the new process differs essen: 
that Just described, and that the percentage of lime can be greatly 
the fundamental principles of sand-fime-brick manufacture are now 
bperty and only the details of the manufacture are patentable, 
ficks were first made in Germany about 1880, and the more extended 
Hevelopment of the industry dates back ta Europe te about 1883, 
1 ! Pocket-book, A. T. Byme 

[Bittemaride on Sanat Lise Uickks by: Profemor Thcenas Nalaa in ther: 
of Building Ceastruction and Superintendence, Part I, Masons” Work, by 









































Glazed and Enameled Bricks 1487 


and-lime bricks are produced having the following physical char» 
ushing strength, average, between 2 goo and 5 060 Ib per sq in, al. 
pecimens have shown over 5 000 1b per sq in; modulus of rupture, 
450 lb pee se in; fire-resistance, but little inferior to that of fire- 
fmistance, generally good; acid-resistance, superior; absorption, 
@ in 48 hours; rate of absorption, slower than for clay bricks; 
prion for complete saturation, 14%; reduction of compressive 
(aration for absorption-test, average 53%. 
pertien of Sand-Lime Bricks. The bricks are square, straight, 
je and homogeneous in composition and density, ‘They cleave 
ler the stroke of the trowel and present a weather-surface with the 
of stone. They can be cut, carved or sand-blasted, aro easily 
And show no efflorescence. ‘These claims are well established for 
tactured sand-lime bricks. It should be further stated that com- 
UW facings are made in the same press, the only difference being in 
[the materials and in the handling of the raw bricks. It is there 
{ut a rational and homogencous exterior wall-structure Is possible, 
| and facings may be built and bonded in even courses, with 
ter ornamental bonds. Some factories, however, manufactured, 
Fbricks and care should still be taken in selections from thelr out- 
fatly the ordinary runs of sand-lime bricks are not as strony as the 
tilding bricks and some of them are too low in their resistance to 


and-Lime Bricks, The natural color is pearl-gray, varying in 
the composition of the sand. Permanent colors are produced by 
ineral oxides with the raw materials in quantities varying accord- 
insity of color desired; but as the oxides are foreign materials in 
wy-affect the quality of the latter in proportion to the quantity 


| Enameled Bricks.* The torms onAzep eaice and ENAMELED 
monly used, refer practically to the same product, and neither 
is known as saLT-cLuzKD oRick. The enameled or glazed bricks 
lipped of sprayed and then burned, whereas the salt-glate is ob- 
introduction of salt into the fre-boxes of kilns while the bricks are 

Glazed of enameled bricks are generally divided into two classes: 
icled bricks, which have a glaze containing the coloring matter 
Ithout any intermediate sxivy (2) bricks which have « transparent 
ver a white or colored stip, the slip coming between the glaze and 
ybe glazed. The latter is the process most used in this country. 
| differ as to which process produces the best bricks although it 
though the true enamel would not chip or peel as readily. These 
nade in a varicty of colors, from white to dark green or chocolate, 
S GELY GLAZED rove or in a DotA, svToserexnsi, the latter 
lite desirable in many instances on account of its doing away with 
tmore highly glazed bricks of tiles. An enameled surface may be 
from a glazed surface by chipping off a piece of the beick. The 
{ill show the layer of slip between the glaze and the bedy of the 
he enameled brick will show no line of demarcation between the 
tick and the enamel, American caameled and glazed bricks are 
y used for the exterior surfaces of buildings, particularly for street~ 





prion of the process of manufacture, sce pages 520 t6 x92 kn Bading Com 
Wperintendence, Part 1, Masors’ Work, by F. E. Kader, 
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piers, chimneys, arches, etc. Foorinas are generally measured 
by adding the width of the projection to the height of the wall. 
lige project 6 in on each side of the wall, x {tis added to the wetual 
(all, Citmevey-nkeasts and ethasters ate measured by multi- 
‘of cach breast or pilaster from the intersections with the wall by: 
then by: the number of bricks corresponding with the thickness of 
Fives in chimneys are always measured solid. Detached 
aenorey-Tors are measured i 
land two ends of the chine 
‘Thus a chimney measuring 5 ft by x ft 4 in would be measured 
a wall sft Sin long. ‘The rule for reperexnnier sees is to 
fight of each pier by the distance around it in feet, and consider 
Ibe superficial area of a wall whose thickness is equal to the width 
( penctice, many masons measure only ane side and one end of a 
Ancités of common bricks over openings of less than 8 sup ft 
tgarded in estimating. If the arch is over an opening larger than 
ght of the wall is measured from the springing-line of the arel, 
| made in the wall-measurement for stone sills, caps, or belt 
‘stone ashlar, if the same is set by the brick-mason. If the ashlar 
faemason, the thickness of the ashlar is deducted from the thick- 
[L ‘The sum of all of these measurements represents & certain 
JeANDS oF nxiexs, and the whole fs then multiplied by a common 
nd, 28 $5, 88, $12, oF $16, according to whatever the cust of plain 
be, If thi buildin is to bo faced with PRESSED muIcks, the actual 
ted bricks, as nearly as it can be computed, is added to the esth= 
ho common brickwork, nothing being added for laying the pressed 
thing deelueted from the common-brick measurement, the meas 
comnion work displaced by the pressed bricks being assumed to 
‘enice in the cest of laying the pressed and common brickwork, 
the cost ov Tite PRESSED miIcks, the external superficial area of 
with such bricks is computed, and all openings, belt-courses, stone 
educted. Five-in stone sills are not usually deducted. If & por 
is covered by a porch, 99 that common bricks may be used ‘back 
yalso, is deducted. ‘The net pressed-brick surface fs then multi- 
{or 7 to obtain the number of bricks required, 644 giving about 
pressed bricks of the standard size required to the square foot. 
traf chimneys, if-of facesbrick, is measured by girting the chim- 
fg by the heights, and adding the sums to the wall-ares. 


fa simple example of this system of estimating consider small 
‘by 32 ft in plan, without cros:-walls, the basement-walls being 
{h footings 2 ft 6 in wide; the first-story walls, 13 in thick; the 
ills, g in thifek; the height of the basement-walls from the trench to 
firststory joists, 6 {t 6 in; the height of the walls from the first- 
he top of the second story joists, 10 ft 6 im; and from the second- 
the plate, 9 ft. 

bREMENTS. Basement-walls: 120 ft (girth of building) by 9 f& 
1d projection of footing) by 224 bricks per square feet; equal to 


alle: x20, ft by ro ft 6!in by 22¥4 bricks per square foot; equal 
k 

‘Walls: x20 ft by 9 ft by #5 bricks por square foot; equal to 
two chimneys, each + ft y in by + ft 5 ln by 14 It bigh above rool; 























Mortar-Colors. Efflorescence A461 


(a brickwork, one helper will be required for every mason, and on 
ved with pressed bricks, one helper to every two masons. In build~ 
brick Areplaces and chimneys one mason and helper will lay about 
‘a day of nine hours. 

‘himneys built of common bricks and with 4-in walls cost about $0 
w foot, in height, for single fucs, and go cts for double Hues. 
quired for Piling Bricks. One thousand bricks closely stacked 
[96 cu ft of space. One thousand old bricks, cleaned and loosely 
py about 72 cu ft. 

‘et's hod measures 21 by 7 by 7 In, and will hold 18 bricks, 

od measures 24 by 12 by £2, and 12 in across the top, 

Slors are usually in the form of dry powders, or of pulp oF paste, 
lee put up la barrels, the number of pounds to the barrel and price 
ing about as follows: 





b barrels, dry... - from 1 to 2 ets per tb 
lb barrels, dry » from 1 to 284 cts per Ib. 
b barrels, dry. . from 134 to 2}4 cts pec Ib 
wel barrels, iry.. . reve from y to 34 cts per Ib 





fess than full pore an extra alg is sometimes made for packing 


pasteform: 
tod buff . 





fick and buff) weighing, in pegs tb; in barrels, 550 I 
fasIb. ‘The buff weighs, in cusks, yoo Tb; in barrels, 4se fb; and in 
jootb. Black weighs, in barrels, 450 Ib; and in half-barrels, 275 Ib, 
mortar for laying x ooo bricks with '4-in joints requires about 50 
eotta color, amber, fern-green and salmon; 40 lb for buff, brown, 
‘or Fretich gray; add 25 Tb for black. For wider jolnts, & larger 
stain must be used. For paste-colors an average mixture is, 1 
Hte-color to 7 buckets of mortar foe brickwork with in folnts. 
lors are in the form of dry powder they are first mixed with dry 
Hilaked lime is then added and again mixed thoroughly. Tt is very 
Mt the color be uniformly mixed. 11 ft is not added at frat, but left 
ftar is made, the labor of mixing is doubled. ‘The more thorough 
(e less color fs required. Mortar colors should never be mixed with 
‘hen the color Is in the form of « pulp or paste, it should he thor- 
fn, in order to secure a uniform and smooth shade, For very fine 
§ the stained mortar should be strained through a coarse sleve. 


nee on Brickwork. A white errionescence often appears on 
ipechilly in molst climates and damp places. It may spread over 
[the wall-surface although originating in the mortar Joints... Splu- 
‘of soda, potash and magnesia, in the cement oF lime mortar, 
iby the water absorbeel by the mortar and later precipitated am the 
¢ brickwork as a white deposit, when the water evaporates. 
} fo be greater with the natural than with the Portland-cement mor- 
‘heavier with lime mortar. ‘The origin of the effloresence may be in 
emselves as well ns in the mortar used, ‘This ts the case whew the 
ade from clays containing iron pyrites of burned with sulphurous 
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ftcrom Lamestowes and povowrne LiursroNEs. High-caleium limes 
only a relatively low percentage of magnesium carbonate, while 
nes contain « considerable amount of it. Dolomitic limestone 
mespands roughly to the theoretics! formula of dolomite (CaCOs) 
‘The CAtcixatiox of limestone consists of heating to expel the carbon 
[Phe product resultiag from calcination of limestone is known as 
Vand possesses great affinity for water. SiAxine is the process of 
ferto quicklime. During the process of slaking, heat ls energetically 
td much of the water driven off in the form of steam. ‘During this 
deess, also, high-calcium quicklimes must be agitated and stirred con- 
fa portion will fail to receive the proper quantity of water and will 
Maked particles which are likely to slake after being used in the work, 
fereXo, YrrriNo and disintegration. Dolomitic limes do not slake so 
lly, and while they should be stirred while slaking, this is not $0 neces 
Dhigh-calcium limes. Either class of quicklime, through faulty: manu- 
Bikely to contain over-bumed portions which slake with difficulty and 
[popping. etc., if the lime-paste is not carefully screened before use. 
WO and WARDENrNe of common lime martar is duc, Grst, to the drying 
teondly, to the absorption of carbon dioxide from the atmosphere and 
lon of crystals of calcium carbonate to which the streagth of the mor- 
Bed Tn the manufacture and use of common lime mortar, therefore, 
Merial, limestone, is first calcined, and the cartwn dioxide expelled; it 
kad with water and forms calcium hydroxide, in which the water is 
Fepllaced by carbon diaxide. ‘The lime thus eventually retuens to its 
[fbonate form, As far as the ultimate result is concerned there is 
ttle difference between high-calcum and dolomitic quicklimes. 
freater familiarity with one or the ather of the classes of lime, archi- 
builders in certain sections of the country prefer one to the other. 
(ations for Quicklime. ‘The lime industry has in recent years been 
bbabject of careful study and the following clauses give the essential 
Ptentative specifications for quicklime sugeested by the American So- 
[esting Materials as embodying results ajyproved in general by the best 




















1. Definitions, Classification, ete. 


fino. Quicklime is a material the major part of which is calcium 
Idum and magnesium oxides, which will slake on the addition of water. 
bes. Quicklime is divided into two gr 
ted. A wellsburned lime, picked free from ashes, core, clinker or 
pn material. 

bef-Kiln. A well-bumed lime without selection, 

 Quicklime is shipped la two forms 

bp Lime. ‘The size in which it comes from the kiln. 

ferized Lime. Lump lime reduced in size to pass a H-in screce. 
$or Pexcuase. The particular grade, form and class shall be speci- 
ance of purchase. 








IL. Chomical Properties and Teats 
(A) Sampling 


fam Bete, When quicklime is shipped in bulk, the sample shall be 2 
[it will represent an average of all parts of the shipmest from top to 
fd shall not contain o disproportionate share ol tbe top aed bottom 











Specifications for Hydrated Lime 6S 


Fertow. Usless otherwise specified, any rejection based on failure 
{x fmrescribod in accordance with these specifications shall be reported 
days from the taking of samples. 

leaxiNG. Samples which represent rejected quicklime, shall be pre= 
litiett containers for five days from the date of the testereport. In 
fatisfaction with the results of the tests, the manufacturer may snake 
rehearing withie that time. 


(8 Lime. The slaking of quicklime is an operation which fs almost 
Karried on by laborers who have little of no conception of the impor- 
fir task. Asa result, many failures have been charged to lime in the 
Actually’ were due to improper preparation during the slaking opera- 
few product known as nvpiLATED Lie has been offered widely to the 
Kent years and has met with much success, Hydrated lime is a dry 
powder resulting from the staking of quicktime by mechanical means, 
Younit of water which Is sullicient to satisfy the ealeum oxide, but in- 
Ditiake a paste or putty, Hydrated lime is manufactured in mechant- 
bes in which the batches of quicklime and water used are carefully 
bd by weleht. After pasting from the hydeator, hydrated lime is 
loa mechanical system of separation which eliminates the coarse or 
ticles which may cause popping, etc. Hydrated lime is sold in bags of 
Aight and requires only to be mixed with sand and water to make the 
{hhe bags have usually been made of heavy burlap or duck cloth, con~ 
bb, or of paper, containing 4o Ib. Several of the more prominent 
fers of hydrated Hime in the United States employ. chemists who 
Uperintend the manufacture of hydrated lime, just as the chemists in 
tment factories superintend the proportioning of the raw mix going 
ato be bumed fue Portland cement. ‘The hydeated lime manufac 
irsach chemical supervision is a reliable product free from tendencies 
ht give rise to popping, pitting or disintegration. Hydrated ime of 
ty may be used for almost any purpose for which lime mortar is used, 
oene considered 3 more reliable product than quicklime. Among the 
for hydrated lime may be mentioned its employment in cement mor- 
jonerete. An addition of about 15% of hydrated lime to coment 
(concrete decreases its premeability to water, reduces the cracking 
fkage, etc., and increases the plasticity of the mortar or coberete, 
ting separation of the sand, stone and cement and causing the mix- 
Wand fill the forms mare readily, 

ations for Hydrated Lime. The following clauses glve the essential 
tentative specifications for hydrated lime sugested by the Atnericaa 
‘Testing Materials as embodying results approved in general by ‘the 
ke 




















1. DeGiaition 
Mimiox. Hydrated lime is a dry flocculent powder resulting from the 
of quicklime, 
For Precnase. I a particular type of hydrated liane is desired, it 
fcified fn advance of purchase 





IL, Chemical Properties and Testi 
fErva, The sample taken from hydrated lime shall be a fnir average 
fiienit 39% of the packages shall be ciumpled: “The sample shall be 


Hauser are tbeing revised ( the Am: Soe. foe Text. 
(may be fount fo the 1915 








ts) by a eammittes 
z-Hlook of that society 














Sand and Gravel 1407 


Berto. Unless otherwise specified, any rejection based on failure to 
prescribed in these specifications shall be reported within five working 
ithe taking of samples. 

fasixo. Samplos which represent rejected hydrated lime shall be 
in airtight containers for five days from the date of the test-report. 
Pimatistaction with the results of the teats, the manufacturer may 
Gfor a rehearing within that time. 

me. A recent development in the lime industry is Alca Lime.* This 
{al said to combine the plasticity and sand-carrying qualities of ime 
th the strength, hardness and quicker set of the gypsum plastecs. 
toted of approximately 85% of hydrated lime and 15% of a specially 
faterial containing alumina and silica in such proportions as te com- 
fing: bodies which greatly contribute to the strength, hardness and 
Mthe product. It is sald in 100-1 packages and requires only to be 
Wisand and water before-use. When used for plastering, it has the 
(thes of lime mortar, and while it becomes hard and strong, it is claimed 
foe from the to-called sounding-board effects noticed in some hard-wall 
It & not injured by water and is often used for outside stucco-work 
ta brick-laying mortar in place of lime mortar gauged with Portland 
The manufacturers’ directions for the tuse of Alca Lime should be care- 
ved, and this may be said of all prepared plastering or cementing 











Data on Quicklime. Quicklime is shipped either in barrels or in bulk. 
fates it will keep for a long time in bulk, but in damp climates and 
foast it soon slakes unless enclosed in barrels. In most of the Eastern 
fold by the barrel, weighing for Rockland Me, lime 220 lb net. When 
bulk it i generally sold by the bushel of 80 Tb, 243 bushels or 200 Ib 
{hg considered as equivalent to a barrel. Other weights are, 230 fb, 
WL 75 Ib per bushel and 6s fb per ci ft, ‘The average yield of enex- 
{the best Eastern limes has been found to be 2.62 times the bulk of 
foe. A barrel of good quality well-barned lime should make cu ft, or 
Hime-paste or putty, Careful experiments conducted by United States 
fave demonstrated that the best mortar is obtained by mixing one part 
leto two parts of sand. 

Por data on cements, see Chapter IIT 











SAND AND GRAVEL 

obtained from banks or pits, from river-beds and from the seashore, 
HBank-aand, {ree from clay or earthy materials, is geneeally considered 
F mortar, although excellent sand is often obtained from river-beds, 
Gntains alkaline salts which attract and retain moisture and which, 
Baehly washed, cause efflorescence when wed in brickwork. Both 
Kd tiver-sand have more or less rounded grains, to which lime or cement 
Bere as well xs to sharp, angular grains Both are extensively tased, 
be lack of better materials. ‘The use of sand In mortar Is to prevent 
ifinkage and to save the cost of lime or cement. Sand, whee used in 
Yon’ of 1:2; strengthens lime mortar, bat any addition of-sand to 
ikens it. 

€ Sand. Sand for mortar must ordinarily be screened, Sand for 
tar for plastering or common brickwork is ordinarily run through a 


(patented article and is offered for sale by mary licenses in the United States 
vackman paleo 























Plastering 1460 
‘is generally composed of lime-putty and washed beach-sand in 
tions. 





ih, Which has a rough surface resembling coarse sandpaper, is mixed 
way, only that coarser sand and more of it is used, and it ls finished 
bn oF cork-laced oat. 

(ting or Hard Finish encrally means a composition of lime-putty 
i Paris, to which marble-dust is sometimes added. Plaster of Parts 
ust when used should not be mixed with the lime-putty until a few 
lore using, and no more should be prepared at one time than can be 
(nee, 24 It soon srs, after which it should not be used. The skim~ 
| Bnish should be Gnivhed with a steel trowel and wet brush, The 
(tk is troweled the harder it becomes. A superior hard finish is ob- 
ising 4 parts of Best's Keene's coment tot part lime-putty. 

t Plastering. To make sure that the lime is well slaked, it is cus- 
bquire that the mortar for plastering shall be mixed at least seven 
it is used. 

‘as is used by plasterers is obtained from the hides of cattle, and after 
Land dried is put up in paper bags, exch bag belong supposed to con- 
[of hair when beaten up, Each package is suppased to weigh from 
ithe weight often falls short. Aswestos and MANTLLA PrvRx are both 
jot hair; they are cleaner than hair aod are said to be lews injured by 
Ui mach better to add the hair to the limo-paste APrER ET Is COLD 
tkxing in the sand, as hot Time, and the steam caused by the slaking, 
the hair so a8 to ereatly weaken it. ‘The common practice Is to put 
be mortar-bes, run off the hot lime as soon as it is slaked, throw in 
Aimix the whole together. It is then thrown out of the box into a 
bw batch mixer! up. 


‘Made Mortar. In several of the larger cities plants have been 
the mixing of mortar by machinery. Machine-mixed mortar should 
iter than the ordinary hand-mised mortar, for the reasoe that time 
for the Yime to slake, the Time and sind can be accurately measured, 
fied Time are not miscd with the lime until just before delivery. ‘The 
also be more thoroughly and evesly done by machinery thas is 
anid. 

[Wall-Plasters. Owing to the difficulty of obtalning sufficlent space 
[Peratioas iy central sections of i pperly slake sufficient 
to carry on the plistcring with the necessary speed, other kinds of 
latertsls have come into existence in recent years. These are known, 
PLASTERS or TARD-WALL PLASTERS. The base of thew products i 
phate of gypsum which has been calcined to partially expel the 
{setting and hardenis f these products t dependent upon thelr 
themically with the gauging water and crystallizing in the same 
fm as the material possewed before calcination. All hard-wall 
material added for the porpese of controlling the ser. ‘The 
fhod gypsum sets in a very few minutes, which time would be ett- 
hort to peemit the workmen to apply the plaster to. the. wall and 
Lup before it had set. ‘These plasters are characterlned, alan, by 
ty to carey os noch sand as lime mortar. Many of ther contain 
noes, such iss clay: or hydrated lime, added to improwe their MARTK' 
rod in the casters part of the United States 
Ynsum invariably contain 15%, moro or hess, of clay. or hydeate, 
Ws purpose. Plasters made lo Kansas, Oklahoma, Texas and other 















































Cost’ of Lathing and Plastering u7i 


tntities of Materials for Lathing and Plastering 


bus Data. To.cover 109 sc yil requires from + seo to 1 600 laths, 
Fam average job, and ro Ib,of threepenny fine nails, 

plastering on wooden laths, plaster-of-Paris finish, will require 
wool lime, 154 cu yd of sand, 3 bu of hale and 100 Tb of plaster of 
avd, 

oat is omitted, deduct 2 bu of lime and all of the plaster of Paris. 
hed, omit the plaster of Paris and add 3 eu yd of sand. 

paused with two coats on brick or stone walls, the brown coat and 
‘will require from 8 to to bu of Itme, 144 ai yd of sand, and 100 lb 

zis, to 109 sq yd. 

Keene's cement for brown martar and Keene's finish on expanded 
require, for brown mortar, sso Ib of cement, 5}4 bu of lime, 2 cu 
2 bu of hair; for the finish, soo Ib of cement and + bu of lime per 















(& on expanded-metal lath, plasterof-Paris finish, require, for 
2 000 Ib of plaster and 2 cu ye of sand; for the finish, 1 bu of ime 
plaster of Paris per too yd. 


thing and Plastering, The average price for putting on wooden 
ily, is 9M cts per yard. For expanded or sheet-metal laths on 
Ag, 5 cts; 00 steel atudding, wired, from 8 to 10 ets. 
putting three coats on Inths, plasterof-Paris finish, labor only, 
ets pee yard for drawn work and 16 cts for dry scratch. 

(nish the cost is about the same as for white finish, 

fare based on plasterers” wnges at 6234 ets per hour, and 3754 cts 
pd-carriers and mortar-niixers. 

ig schedule gives the average cost of different kinds of plastering, 
it go cts per bushel, sand at 75 cts per load of 114 cu yd, hair at 40 
L plaster of Paris at 50 cts per seo lb, and wages us given 

















‘own coat (lime) on wooden faths 3g cts per sq yx 
fmeY on wooden laths, plastersof-Paris fininh .. yo cts per a yd 
(ie) 6m wooden faths, sand finish go cts per sq yd. 
(id finish on brick walls 23 ets per sq yd 


Ml plaster instead of lime, add 4 cts per sq yh. 
lime), plaster-of-Paris finish, metal lath on 
fudge 65 cts per se yd 
me} plaster-of-taris finish, metal lath on steel 





68 ets per sq yd. 








cement finish, add 10 «ts per yd, 
Fin imitation of tile, add 9 cts per sq 3, 
ind-wall plaster, plaster-of-Paris finish, metal 

len atudding yo cts per sq yd, 
wedewall plaster, plaster-of-Parks finlsh, metal 

eel studs 75 cts per sq yeti 
cement finish, add rocets per sq yd 


tht, Grown coat, finished with Keene's cement 

Hhmnitation of tile, 3 by : $2.80 per sq yd 
faa 9 in high, In Best's Keenc's coment 10 ets per ft 
lain moldings in plaster of Paris, from 3 to 5 ets per inch of gieth. 
heaftssof columns, fcom 16 to 24 in in diam, from 12 to s4 ft high, 
um (labor only). 











For welgbt of various woods see tables oo pages tats 


Grean fron) 


* A description of the process of mamufaetiine 

Building Construction and Superinteodence, Pare ly 
1 A-comprehensive booklet giving the rules for 

Vine \oer ami Atonaed stock may be obtained: 








Measurement of Rough Lumber M73 


ig-Lumber may commonly be purchased in any of the following nomi 
tacept that common pine, spruce, and hemlock cannot usually be ob- 
farger sizes than 12 by 12 in. 








‘Nominal Sizes of Framing-Lumber 
in in in | fo 
—_ | 
axa sx6 | ax | ext 
2X6 3% 8 axu | BX 
2X5 | x10 6X6 tox 10 
2 Xo | 3x2 6X | 10X12 
2 Xia man 6X | 1x4 
2 Ky 3X16 6x | 1X16 
2 Xx6 | m4 6x4 | X12 
mx | 4X6 6X) | eaxna 
aexm | 4x8 8x8 nXi6 
aaxi | aXi0 sxe | axre 


uxx6 





fof the New England mills, the following sizes, also, are sawed: a by 3, 
fe. aby 9.5 bya and 3 by sin. ‘These sizes are not commonly carried 
tnd in most localities would have to be obtalned by ripping larger 
lat of the fong-leaf yellow pine and Douglas fir is siaPRED SURFACED 
(ep xp0r, the actual dimensions being from 44 in to 44 in, and some. 
exant of the nominal dimensions. When framing-lamber is required 
lodimensiogs it should be ordered 1 THe ROUGH, and a special contract 
hat understanding 


of Framing-Timbers. All timber ts cut and sold in even lengths, as 
nid 16 ft. Odd and fractional leagths are counted as the next higher 
hz consequently it is, in certain cases, possible and economical to plan 
‘o that timbers of even lengths may be used without waste, 
\ement of Rough Lumber. All rough Jumber is sold by the foot, 
(stax, one foot being the equivalent of a board ¢ ft wide, + ft long, and 
Te compute the board-measure in any board, plank, or timber, 
minal sectional area, in inches, by 2, and multiply by the length iq 
Be the mumber of rxecr ina 2 by 4-ln seantling, 8 {t long = (2 x 4/49) 
heart-measure, A ro:in board, 12 ft long, contains (x x 10/42) x 
board:measure, Extensive tables are published showing the feet, in 
fate, for almost any commercial size of timber. The following table, 
Wthough compact, will enable one to readily estimate the number of 
(of the standard sizes of boards, planks, or timbers. To use the table, 
Wroduct of the lateral dimensions of the cross-section; then in the 
ving a heading equal to this product, and in the horizontal line oppo 
jen length will be found the number of fect in board-measure. Thus, 
lay 2 by 6, ot t by 12-in timber look in the column headed 12; for aa 
16, oF 3 by B-in piece, look in the column heated 24. For lengths not 
fe table, take either twice the length and divide by 2, or one-half the 
[multiply by 2, Where timbers af the same size abut end to end, it 
{labor in reducing to board-measure to take the full length; for this 
Tengthe ia the table are carried beyond those for single sticks. 
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Board-Measure 


‘Table of Board-Measure (Continued) 











For expilwnntion, see page 1473 


‘Sectional area in equare inches 


<OmTo BYOmY CH HOD TORTS HTOMe 


| BRAS) FRESE TAGRR RARER GESSE 












omton TOMTO wrOme 


RGGE BESLE SRA 












yo 0 | 7 oe 























Galjotas ala cate SaueneasSs accu MOMEN waameleaan a 
S. | anseg gags2 g228% @482% Sa285 98285 BARAS salad 
az | 25288, 24382 ANa9R ENAAK ORaEE 39288 BRFRE 82223 & 
az | M2802 SERGE EaSe7 BARRE BASHA HBVIT SSEET BARGE e 

| 4. | nsosa agags gragz awa RRSSS RARSS ESSE FRRRS SB 
Ry | TASS% 48HR5 FSRAE TENSH TERRA ABRRE HEUS3 PHEES Z 

S | +couwvo wsrom> omsrouw Sayony Cuvow sesso uszouw 6 
e. WESR9 2AGEa ATSSS SE 




















HOAGAS AWRHO WHERE SSELT FABRE 
8 


| ®soRe pages e982 BISRe RRIRR 


BASRS ABSAR RRRES 














wownG mown Gwmow SOwEO wROwm 


AMALH SEFLR) ANHIS BRERS RIAA 














ote os MOtmO teow 


REEGR BAERS 22488 3 





© The eseasurements ts these columns come wut ln even leet. 





Dwae =HOnM OvmO> WOqEO =mO4e Senos wowno = 


SRRE3 ERGES ARAAE RAZSE BARGE S2ERR REESE 35 


SS28R S88R8 FHRLE ARARE $4888 gaga8 seage 


TOMRA TESRA ARRAN ARRAS $9480 Zanes Zseer BREE Zz 








‘Measurement of Lumber uv 


tment of Finishing-Lumber, Flooring, Ceiling, Ete. Mest, if tot 
Of finishing is sawed for use in thicknesses of 1 in, 14 in, 1¥¢ in, and 
ge weods, such as white pine and poplar, are sawed inte thicknesses 
tg in. 

jaced both sides, the thickness is reduced to 1944, Me, 1Mie, 1M, aby 





Aatock is measured and sold sraxp-couwr, that is, full size of rough 
exarily wed in its manufacture, ‘Thus v}{e-in boards are measured 
Min thick. ‘The number of fect, board-measure, for 1¥-in stock 
® is 154 times that in a x-in board, and in the same way for tin 
fock. 13¢in planks are always measured 2 in thick, and aslo 
thick. Boards less than 1 in thick are measured the same as t-in 
for 4+-in and $$-in stock a reduced price is generally made. 
Ordinary Flooring.* ‘The standard sizes for flooring (other than 
Arquoting or parquet-looring) are x by 3, t by 4 and + by 6; ore by 
(od 136 by 6. The thickness of tin flooring should be '}(» in, and 
fing, 1947 in. 4-in Hooring should show 2} inon the face, after it Is 
Win; and 6-in, $M in. 

Maple Flooring is usually made in 2-in, a}4-In and 3}in face, and 
fe Of He, tie and rhe in. 





itched and headed boards, is regularly stuck in the same widths as 
he standard (nominal) thicknesses of yellow-pine ceiling are My 44, 
the actual thickness of cach being }e in less, ‘The rin ceiling is 
side only, the other thicknesses both sides 


4 Drop-Siding. Dressed and matched yellow pine dropsiding ix 
454 by sh6 in, showing 354 and s}4-In face; and worked shiplap is 
4% by 34 in, showing 3 and s-in face. 


Hding is resawed on a bevel from stock '}ie by 344 and MMe by 5}4 in, 
ns. 

aad Clapboards are 4 ft long, 6 in wide, 14 in thick at the butt, and 
hick at the other edge. ‘They are put up in bunches and sold by the 


Estimating Quantities of Sheathing, Flooring, Ete. Forcom- 
hig laid horizontally on a wall or roof without openings, add one- 
‘wetual superficial area to allow for waste. On the walls of dwellings, 
‘alls as though without openings and allow nothing for waste, If 
laid diagonally, add one-sixth to the actual superficial ares. 
(heathing Inid horizontally, add one-fifth for 6-in boards, one-seventh 
rds, and ope-ninth for 1o-4n boards If laid diagonally add one- 
fs boards, one-sixth for 8-in boards, and one-eighth for ro-in boards. 
faatched flooring add one-half to the actual superficial area to be 





foociog add one-third and for 6-in flooring add one-fifth. Ceiling is 
‘esame as flooring. 

fiding, adi one-fifth to the superficial area. 

iting, laid 4 in to the weather, add one-half to the actual superficial 
fin to the weather, acd one-third, 


exe except in New Ragland ruovanse ls always understood to be toagued and 
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Merial that will do this so well and at so small an expense as good 
(ers or sheathing-felts. The papers made for this purpose are com- 
| AS GIRATHONG-PAPERS of BUELDING PAPERS, There is a. great 
tathing-papers manufactured, many of them of great excellence, 
best are comparatively inexpensive, costing only about $1.00 per 
that only the better qualities of any kind of felt or paper should be 
bere the cost of the sheathing-paper on an ordinary house is only 
Sts poor economy to use a cheap paper, as the labor of applying it 
it item and tho poorer the paper the more difficult the work of put- 
(he qualities which good sheathing-paper should possess are per- 
fenetiability to air and water and sufficient strength to permit of 
jomt tearing, Protection or proof against vermin and insects is 
tant requirement. It should not be brittle nor have a lasting 
1d, for the convenience of the builder, should be clean for handling, 
Jany papers possessing all or most of these qualities that it is deemed 
mention particular brands. The architect should decide for him- 
samples with which he has probably been furnished, what papers 
ted to the particular conditions; and he should then specify those 
{, also, the manufacturers’ names, instead of leaving the choice to 
hho will be quite sure to be guided by price rather than by quality. 
to tarred or siturated sheathing-papers and felts because of their 
lecome brittle and because they emit a strong odor and are some= 
hile to handle. On the other hand, the advocates of tarred felts 
tir cheapness, warmth and even their odor, which makes them 
‘The odor gradually disappears after the clapboasds, siding or 
at on and the inside wails finished.  Sheathing-paper is usually 
previous to patting on the clapboards, siding, or shingles It is 
ed horizontally and should lap about 2 in over each sheet and over 
Wously placed around the window and door-frames. If sheathing 
ke material is to. be placed under the clapboards or siding, laths 
led vertically aver it, opposite each stud, and the siding or clap. 
tothe laths; otherwise it will be difficult to put them on evenly, 
hickness and elastic quality of the guint. Shingles, however, may 
irectly over it. Sheathing-quilt possesses marked fire-resisting 
(he sheathing-paper and the labor of putting it on should be in- 
faxpenter's specifications 
td Bullding-Papers. These are the common grades of building 
bre not water-proof, and should not be wed an roofs or on walls in 
& In dry places they protect from dust, draughts, and to some 
tat and cold. ‘They are generally either a dull red or gray in color, 
fmooth surface, and are clean to handle. ‘They are always put cp 
fide and usually contain soo sq ft. The weight varies from 18 to 
Bil of s00 2 ft, and the cost from so cts to $1.50 per roll. 
and Deadening-Quilts, Among the insulating and deadening- 


fi Use wre those mentioned below, ‘There are also other good min= 
fine which are manufactured and used for invulating and deadening 

















(Quilt. ‘This couststs of a felted matting of ecl-grass held in place 
layers of strong Manila paper by quilting. "The long, flat bhers 
bes ench other at every angle and form within each layer of quilt 
Hinute dead-air spaces, that make a soft, elastic cushion, This 


© Made by Samuel Cabo (Ine.}, Boston, Mast. 
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ily adapted for slaters' use, as they will carry « chalk line and 
lle. The rolls are 36 in wide, contain g00 sq ft and weigh about 


fiding Felts are usually made about 6, ro, 14 and 16 tb to the 
igh different manufacturers make different weights, ‘They come 
He and are gold by weight. 
ening Felts. These deadening-felts are made by various manu 
the of these felts * the material itself is rather hard and thin, but 
ach a way as to form small indentations or aircells. ‘This makes 
leaks up the sound-waves. ‘The cost of this material in Boston 
ef 500 sq ft 
eathing. Sheathing-papers or building felts, made of asbestes, 
yosiderable extent for floor-linings and for covering the outside 
buildings, principally on account of their fire-proof and vermin 
These papers are well known in the trade and can be procured 
ty. They are supplied by the manufacturers in go oF x00-b 
on a basis of the following scale of weights: 





Ih to the roosq ft 18 Ih to the 100 aq ft 
Ib to the 100 sq ft 20 Ib to the 100 sq ft 

(Ub to the 100 sq ft 24 Ib to the 100 sq ft 

(Ub to the 100 9q ft $2 Ib to the 100 aq ft 
Th to the roo sq ft He in thick 
Th to the roo sq ft Ye in thick 

(Ib to the roo sq ft 16 in thick 

fin the Ms, Me and }4-in thicknesses is used only for special prs 








{unusually thick Vining is desired for posible fire-protection 
flues, for chimney-breasts, etc. When the weight of paper ex: 
be square foot It fs known as RoLE-poxrn and is no longer classed 
bo sq ft, but by thickness. For floor-linings, r61b paper is gens 
[, this weight being sufficiently thick and strong to resist ordll- 
Application and In handling. Asbestos felts and building papers 
approximately the same effect in retarding the passage of sound, 
felt-papers of a relatively similar thickness and quality, while 
had Vermfn-proof qualities are a distinct advantage. ‘The cost of 
ind building-felt, while somewhat greater than that of the ord 
for similar purposes, ts not excessive. ‘The market price varies 
Ets per Ib, depending on the fluctuations of the market. For 
lt of too sq ft of 16-Ib asbestos paper varies from 32 to 40 cts, 
@ market. 
€ Papers. Noponset { Black Sheathing is water-proof and 
‘aed clean to handle, and ix en excellent paper under sidiag, 
br tin. ‘The rolls are 36 in wide, containing 250 and soo sq ft; 
Ghout $2.25 per roll of goo sq ft. 
ed Rope Sheathing and Roofing. This ismade of rope-stock, 
ith and flexibility, and is absolutely water-proof and air-tight. Tk 
bet sheathing-papers and makes a good cheap roofing for sheds, 
‘etc. The rolls are 36 in wide, containing 109, ago amd goo aq ft 
labout $5.00 per 500 oq ft 


(rian Sound:Desdening Pelt, made by F. W. Bird & Sen, East Walpole, 
fe appetoulmate and vary with Jvealiy and condition of the market, 


























which ts a similar fu 
‘These composite white p 
4s. mixture of sulphide 
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nd largely used as the tasis of flat wall-finishes for tnterior work, 
litabile for exterior work. It is discolored (grey) by strong light, but 
very serious practical objection. White lead is used everywhere, 
tyellow somewhat in the dark. White zinc is chiefly used on interior 

the whitest paint known, Both are often mixed and both are used 
ints. Yellow paint is commonly chromate of lead, or chrome yellow; 
lome groen, which is « mixture of ehrome yellow and Prussian blue; 
bearing, or sometimes Prussian blue, The brilliant reds are coal-tar 
lruley the dull reds and browns are oxides of iron. Ochres are dull 
irben forms the base of all black paints, either as Iampblack, drop. 
(black), or graphite. Linseed.oil is either raw or bolled. Rave oil is 
 fiatural state as it fs extracted from the seed; it should be settled 
perfectly clear; it is yellow or greenish yellow in color, Boiled oil is 
inhas been heated to 400° or sco" F. with compounds (usually exides) 
Pmanganese; it is darker in color than raw oil, and dries quicker. 
esed in a thin film to the air is converted in about five days into « 
bry Substance; boiled olf undergoes this change in from 10 to 24 hours. 

‘These are compounds of lead and manganese, dissolved in oil, and 
{thinned with turpentine or benzine, They act as carriers of oxygen 
@ air and the oil, and their addition to a paint makes it dry more 
bme driers are also called yarns. Not more than 10% by volume of 
le liquid driers should be added to oil, Excess of drier causes the 
durability, Cheap driers often contain rosin, It is well to specify 
fund Japams should be free from nosix (not resin, as varnish-resins are 
ome of the best driers), 

Coat. This is the first coat applied to the clean surface. A priming 
bel is chiefly oil, and is usually equivalent to a gallon of ordinary paint 
in gallon of raw linsced-oll. Paiat, however, & not thinned to make 
‘eat for structural metal. Tn all wood-work, nail-holes and other de- 
led with putty after the priming coat has been applied; but if the 
Imows, knots and resinous places must be covered with shellac varnish 
piiming coat is put on, Pitchy woods, such as southern yellow pine 
fe do not readily absorb oil, and turpentine should be substituted for 
‘oll! ‘Red lead ts successfully used as a peimer (2 parts to 1 of white 
thwoods; this és the standard practice in England, and is better than 
il white lead. 


Painting. ‘The priming coat having largely been absorbed by the 
bond and third coat of paint are to be applied. The mast common 
On houses is white lead. ‘This is commonly sold as paste white lead, 
BEG of oll; 100 Ib of this is equal to 2.8 gal in volume, and & commonly 
S$) gal of raw linsecd-oil, 1 qt of turpentine and ¢ pt of drier to make 
fiint for the second coat; or with 4 gal of oil, pt of turpentine and t 
foe the finishing coat. If white zine is used, 906 Ib of dry inc oxide 
of oil make 1 gal of paint; to this, turpentine and drier shoulil also 
White lead, alter about a year, begins to ciate, that is, its surface 
y and chalky; this-does not indicate failure, however, and it makes a 
efor repainting.  Pincly reticulated checking, not extending through 
(curs later, and when sufficiently marked indicates oved of repainting 
hit, when cracks begin to extend through to the wood, repainting is 
these cracks occur sconer on pitehy woods. White zine, if used alone 
(hot faside) work, is very hard and tends to peel off, Mircen PALeTs 
proprietary paints) generally contain sinc mixed with elther white 
te of the pigments based on basic Jead sulphate, and some auxiliary 
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Mer, Liquid fillers are not desirable, as they form a poor base for 
irk, A paste-fillee is really a sort of paint, the pigment being silex, 
itz, and the vehicle is a quick-drying varnish made thin with tury 
jaine. This is rubbed strongly in on the grain of the weod with a 
th, and os soon as it has set, usually withia half aa hour, it is rubbed 
th cloth or a handful of excolsior, the rubbing being hard across the 
vod. If it is desired to stain the wood, the ofl-stain may be mixed 
| but ifs close-grained wood is used, which needs no filler, the oil- 
thinned to the desired color with turpentine or benzine and applies 
jeleaning the filler out of moldings, comers, etc, a suitably shaped 
steel implement, may be usek. If any puttying is necessary’ it ia 
ifter two days the first coat of varnish is applied; after five days it 
bed with curled hair or fine sandpaper to remove the gloss, so thet 
will adbere well; then one, two or three more coats of varnish are 
lysor more apart, each coat being rubbed. The last coat may 
Jolt with the natural gloss. Outside doors, window-sills, Jamba, 
and all surfaces exposed to the direct rays of the sun, should be 
bsparevarnish and left glossy, If shellac varnish is used as the in- 
applied in the same way, but at least six coats should be applied. 
are to be varnished should be treated as has been described; but 
be waxed they should receive one or two coats of shellac varnish, 
coats of wax, at intervals of a week, each coat being well polished 
ed floor-brush made for the purpose, Floor-wax is pot beeswax, 
bund wax made for the purpose. Shellac is a good floor-varnish, 
fe wood loss than any other vanish, and dries rapidly. 

[astered Walls. Plastered walls which must be painted are usu 
ith @ solution of soap and then with a solution of alum. Whea 
\sponged off, then allowed to dry, thea oiled, then painted. If the 
1d to the fresh plaster the lime in the plaster will attack the paint. 


The exterior woodwork of a house needs repainting once in five 
cording to climate and other conditions, although if not done with 
‘al of sufficient care it will not last as long as this; the interior 
food care, stand from 6ftcen to twenty years, and then may not 
te renewal. Exterior paint sometimes loses its luster, while the 
tint ks still good, and in cases of this Ieind It is sufficient to wash the 
(en give it a coat of oil, This replaces the ofl which has superficlally 
Arts a gloss and brings out the color. If the paint is worn cll so 
wood in places, oF is peeling, it must be very carefully examined. 
(ss it is necesary to BURN OFF the old paints this is done with « 
b, a lamp which burns alcohol, naphtha, or kerosene, and which 
ting blast of flame, which is directed against the painted, surface 
gh to soften the paint which is at once remaved with 3 scraper 

‘The paint is not actually burned, but only softened by the flame; 
fer, be removed as well as so(tened by this method. Houses cave 
chy wood, like southern pine, sometimes require this treatment, 
painting is found to be more lasting. In many cases it is sulficient 
frerub the surface with a stid stccl-wire brush. Inteclor surfaces 
dG the removal of the old paint and varnish. is nocessary), with 
fer} this is a mixture of solvent liquids, which penetrate the ohd 
th and soften it, when it may be remaved with scraper or brushes. 
lnnger of fire with this method than with the buraing-off method, 
rand costs more. It must not be forgotton that varnish-remower 
highly indammablo and cust not be uscd Ja 0 coo where there is 
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lentresults. Graphite is sometimes mixed with lampblack, prob- 
btage, ‘Boneblack is also an important ingredient of caxsox 
inly oxide of iron in linseed-oil was psed mre than all other paints 

but while many enineees still lice it, its use has very greatly di- 
(tauruat has been used and is still used, asa varnish either alone 
‘on, and some of these asphaltic preparations are fairly satis. 
let is, that « really competent paint-manufacturer can make a 
paint out of any of those, and if the paint is carefully applied 
pe satisfactory. There are great differences in painter Iu re- 
‘ace of structural steel covered by a gallon of paint, there is a 
‘of opinion among experts. Some say fram 300 to’ 400 39 ft, 
t200 sq ft. The truth is that any paint may. be brushed out 
‘gly thin film by o skilled workman, while ordinary usage results 
twice as thick. The general opinion is that it is not wise to esti- 
490 sq ft to the gallon for one coat. Varnish-paints cover less 
but if well made they are very durable, 


Cement and Concrete. Cement and concrete-work are difi- 
cause they are strongly alkaline and even caustic when new. 
taterials should be allowed to stand a year or two if possible be= 
ky then it may be painted with any ordinary paint. A practice 
ighly recommended is to wash the surface, repeatedty if posite, 
ution of zine sulphate, the sulphuric mcid uniting with the free 
¢ being left in the pores as an oxide or hydrate. Some prepara- 
irpose are on the market; and while some are probably good, 
distrusted. The best way is to allow the surface to age, if this 





WINDOW-GLASS AND GLAZING * 


he glazing of windows originally belonged to the painter's trade, 
is broken, it is still customary to. go to a painter to have it re- 
tom has so changed in some parts af the country, that when mew 
he glazed, the work is sometimes done at the mill or factory 
tare made, sometimes by the local glass-jobber in the town where 
deing erected, and again, in other localities, the glazing of new 
{done by the painter. Commox wrepow-cLass is usually set 
secured with triangular pieces of zinc called GLAZIERS’ POINTS, 
ood over the glass and covered with putty. . In the best. work, 
ty b first put in the rebate of the sash and the glass is then placed 
I down to a solid bearing. This is called eack-rerryexc. The 
riven about 8 or xo in apart and the putty applied over the glass 
to fill the rebate. Qutside windows should always be glazed on 
he stsh, Common windowsglass has a slight bend i it, the re« 
hal cylindrical shape; it should be glazed, therefore, with the 
a4 this reduces to a minimum the effects of the waviness when 
it cither from the outside or inside, Plate glass, in windo 
Hlights, should be back-puttied and secured by wooden beads 
+ Tt wns formerly a common practice for architects to name 
fons a certain sum of money to be allowed by the carpenter for 
and to be expended under the direction of the architect. Where 


‘om article on Window-Gtaes and Glariag by Profesice Thomas Notas 
(wuction and Supesimtendence, Part 11, Carpenters’ Work, ty F. E. 
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fiving the price for each size, in both thicknesses, and all qualities; 
prices a very large discount is allowed, Fluctuations in. prices 
ithe discount, the list usually remaining unchanged for a number 
| present price-list (r913) has been in use since October 2, 1905, 
to ascertain the price of a light of glaw of a given aise is to find it 
Ust, from which the discount, quoted by the glasiedealer, must be 
F the benefit of the Pacific Coast trade there is a Western Glass 
Hers somewhat from the Eastern list. The list is for sheet glass, 
lists being the same in the East and West. ‘The price per square 
Apidly as the size of the pane increases, 4 that it is much cheaper 
fe window Into cight or twelve lights than into two lights. “Com- 
ost of the building, however, the glass is a small item and in the 
buildings each sash is usually glazed with a single light of glass. 
forkshops, ctc., where there is usually a lange amount of glass 
of the lights is not of so much importance, while the saving by 
hts is quite an item; hence twelve-light and even sixteen-tight 
nerully used in such buildings. ‘The following table shows quite 
Hive cost (1915) per square foot of different-sized panes of Amert 
trices given being about an average for the whole country. 


Cost (1923) of American Sheet Glass per Square Foot, Based 
‘a * Discount of 90 and 20 Per Cent on the List of 
October , 1903 7 














| Sizes of tights in inches 








rex | sXca0 | 24x | woreas | yore 


ext | &Xx70 





Prices im cents per sqyaate foot 








10.8 29.8 
6o | 73 m0 








[Giass, 26-Ounce, ‘This glass is made by the cylinderprocess, 
‘Ricker than the ordinary double-steength glass. It is probably 
fade, next to plate glass, but owing to the method of its manu 
ssarily characterized by a wavy appearance. If good glass is 
‘st-class residences, hotels, office-buildings, etc, polished plato 
used, Tho latter invariably gives satisfaction, wbile sheet glass, 
aat thickness, is usually disappointing in Its uppearance, 

toot Glass, All shoot glass, when looked upon from the outside, 
tery appearance, like the surface of a lake slightly agitated by 





te of glass have been omitted as they can readily be ebtained from the 
(ay city, Such lists are sot of much setvice unless they are completes 
‘are too long to be inserted in x condensed handtoouk 

discounts from the prices given, may be obtained Irom the W. F: Puller 
vraneiseo, 
ble infeemation in reard to Witdow-Glexs sad Glazing was farsiabed by 
Wwol the Hires: Turovr Glass Company, Pbitzdelpbia, Ba, 
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nest on account of the extra expense of grinding it down! Plate 
ek costs from 25 to 40% more than glass of the regular thickness. 
(shed Plate Glass. Plate glass le cut into stock sites, varying by 
irom 6 by 6 in up to 144 by 240 in, or 13% by ao in. 

ive Cost of Different Kinds of Window-Glass. The following 
(accurate an idea of the comparative cost of the different kinds and. 
fHass used in this country for glazing as it is possible to give, the 
iaizes being the present (1914) net, average prices. ‘The first column 
fives the kinds of glass, and includes both the American plate and 
(sheet glass, The other columns of the table give the sizes of the 
ts in foches. 





Jomparative Cost of Different Kinds of Window-Olass 





of lights’ 





8 es 


Kinds of plass |— 


242 | 90X36 | 36X40 





BX 








Americas Plate Glast 














tity 35 wt | 84.60 | t.80 

t glass, s600 | to “ aM 66 

‘American Sbret Glass | 

ath, first quality ; | ost | oas| tas | oss 

haath, seco’ quality }ow| om | vas] oa | 

pod. first quality ox. | 06 | 

fib, second quality op | 059 | 
eu) 





‘cen from this table that the relative difference in the cost of plate 
(is docrenses rapidly as the sizes of the lights increase. ‘The prices 
fare based on the fist of October 4, 1905, on « discount af 99% for 
jevand 20% for American sheet glass and 85% on AA double- 
be exyatal-shoet glass. 

be This is described in Chapter XXIII, page 821. 

[olled Glags. This is. translucent or onscumep glass with a pat- 
om one surface. As the molten metal is rolled out on the table, 
(tisto the table, imprints iteelf into thesoft glass. This kind of glass 
itinely supplanted the ordinary ground glass because of its greater 
‘There are several popular designs on the market, made by various 
f& Some of the designs in common use are known as 06%, MAZE, 
Damxrowe, comwen, cc. This glass Is usually made §¢ fm thick and 
15 From. 24 to 42 in wi from 8 to ro ft long, MAze, fLaxk- 
[Wen designs can be bad either with or without the wire mesh itt 
inportant property of figured rolled glass % that of diffusing: the 
hisses through if, (Seo, also, pages 1567 and 1368.) 

Hsm-Plate Glass. This is manufactured in different. patterns seed 
irposes and includes (1) Imperial Prism-Plate Ornamental Ghus 
OL patterns, (2) Imperial Prism-Plate Glass and (3) Imperial Sky 
Wass, ‘The genceal description is as follows 

















red by the Pressed Prism Plate Glass Company, Chicago, Tl, See, luo, 
(370. 
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ght entering the window. but simply redistribute it, directing it 
Flioms of the room in which it is most needed, ‘By thus changing 
(of light-rays a room with a low ceiling can be better lighted than 
Fiplate glass is used. To insure success in the lighting of interiors 
prisms roquires, however, a superior quality of glass, and careful 
lilations and experiments, besides practical and attractive means 
methods of installation. These requirements have been met by 
ompanies making these prisms and their products may be con 
§ the relatively new building materials. They have been very 
polled to the lighting of dark rooms by daylight. ‘The application 
ny particular building depends upoa the surrounding conditions 
feats, each case requiring some special treatment; but in a general 
pus appliances used in the installations may be divided into four 
ows 
I Blates, which are set directly in the sashes in place of the ordinary 
‘They are commonly used far the transom-lights of store-windows 
[F sashes of double-hung windows, They may alto fill the entire 


&, which are vertical prism-plates set in independent frames and 
Hlow-openings substantially flush with the face of the wall, 
, which are external prism-plates in independent frames, placed 
ppewings and set at an angle with the vertical, a position similar to 
Waary awning, 
fnt-Prisms, which are set in iron frames in the pavements or side- 
feof the ordinary bull's-eye lights. In connection with the pave- 
when 
vasement is 
al plates of 
below and 
pavement- 
ten used. 
ig, vertical 
+ the fight 
pavement- 
pain chang- 
(oa, project 
y fevto the 
his feature Refraction and ‘Transmimion of Light by Prisma 
ad im the 
Hiven, reproduced through the courtesy of the Luxfer Prism 





























fe may be made cither stationary or adjustable and may be em- 
laclety of way’s, combining the useful with the ornamental, ‘The 
Keal pilates lend themselves to a highly decorative treatment. In 
Pand hanging vertical plates the prisms may be arranged to pro- 
(kal effects, and designs may be inwronght on the face of the pwisme 
fspond with the designs worked into the surtaces of the building 
style of the entire facade. The prism-plates weigh no more, and 
hn plate gins of the same size, while they are mach stronger in 
Vpressurey the action of hail and the {pact of dying fraements. 
ismitting@ very large amount of light, these prism-pilates are et 
{the ordinary sense, and may thus be used as screens to hide wn- 
Ws oF to prevent persons looking either in of out of a window, At 
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precipitated ina film over the surface of the glass, thus giving tt the 
reflecting. This film is afterward covered and protected by shellac, 
L paint. ‘This modern method of manufacture has mado it possible 
nirrars in considerably less time, and at a very much lower cost, than 
sisctured by the old-fashioned amecurY-nack process. There are 
laim that in spite of modern proceses of manufacture, the old 
pduced the best results as far as durability is concerned. This is 
ty the following statement inserted by Mr. Kidder in the preceding 
ithe Pocket-Book: ‘There are two kinds of mirrors on the market, 
time reliable mercury-back mirror, the athe the nitrate of silver, or 
ter known to the trade as the patent-back mirror. The latter is now 
recent years, been most extensively sold as a substitute for the former. 
tufacture of mercury-back mirrors no chemicals are used, only two 
‘oary and tin-foil. The affinity of mercury for tin forms an amalgam 
to and not affected by the atmosphere, A mercury:back mirrar & 
considered to be the only durable and permanent mirror. A nitrate. 
patent-back mirror is produced by the precipitation of a chemical 
titrate of silver and other media on the surface of the glass, to. which 
fe coat of shellac varnish overlaid with one or more coats of paint 
|, irrespective of the quality of the glass from which it is made, will 
Eriorate from the date of its manufacture to that of its final collapse, 
occur at any time from a few months, but certainly within « few 
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he The best shingles are those made from cypress, cedar, redwood, 
yellow pine and spruce, in the order mentioned. Redwood, while 
[quite as durable as cypress, is Jess inflammable; sawed pine shingles 
to cedar, and spruce shingles are not suitable for good work. 





er and Weight of Cedar and Pine Shingles Per Square of One 
Hundred Square Poet 





| | umber | 























Weight per square Weight 
feumed| Weather | of winbdes af | ot nalts 
Mdith, | or gaupe.| shinales nate | per 

in in er | cetae, | Pine, || Per | squtee, 
square | “Ty th | savare | ity 

perl 

4 4 90 210 2a | is 

4 “4 eo 20 a) 4.06 

4 5 pe % 3. | 3.60 

4 sa | oss | oa 5 | re] 

4 6 6 | x0 ima 3.00 

4 oA | ss 233 76 27 

4 7 | ss | m6 29 7s | 





Shingles. Cedar and redwood shingles as commonly siwed are 20 in 
‘ad cypress shingles usually from 20 to 24 in long, the longer ones ellow= 


fe complete informative sec Kidder’s Building Construction sad Superiaten- 
U, Carpenters’ Work, pores 32r to 425. 
fe waste, add from 6 to 10%, the greater allowance being foe the shoeter 








Grading und Laying Slates Mr 


lates. The Monson, Me., slates and Brownville, Me., slates 
billows: No. t. Every sheet to be full 6 im thick, both 
Ball corners full and square, No pieces to be winding or 


(ess may vary from $4 to 4 in, all corners square, ane side gener- 
fide generally rough, no badly warped alates. 

&,, slates are graded: 

(\ pure slate without any faults or blemishes. 

As well made as No. + Clear, except that it contains one or 
black band or streak across the slate), which, however, ae high 
ite to be covered when laid, thus presenting a No. * roof, 

‘This contains several xeon, some of which cannot be 
L 


\\ slate without rtnnows, made from rough beds, 

cleat Bangor slate, not quite as amooth as No, 7 Clear, but 
No. 2 Clear. 

Slate. A smooth slate similar to No. 1 Clear, but bent at a 
eft. 


‘merly nail-holes in slates were punched on the job: now, how= 
jred and countersunk at the quarry, when so ordered. Archi- 
ys specify that the alates are to be bored and countersunk, as 
umages the slates, 








feof slates range from 9 by 7 in to 24 by 4 in, there being some 
rent sizes; the more common sizes, however, are the following: 
best adapted for plain roofs are the large wide slates, such as 
t 32 in, 20 by 19 in, or a4 by 14 in, Slates from 8 by 16 to fo 
alar sizes, 9 by 18-in slates belng probably used oftener than 
size. ‘The 11 by 22 and 12 by 24-in slates are used principally 
buildings ‘The lower grades of slate are used largely on ware 
The langer sizes make fewer joluts {a the roof, require fewer 
th the number of small pieces at hips and valleys. For roots 
ections the smaller sines, such as 14 by’ 7 in or 16 by $ in, Jook 





itesvary io thickness from 44 to Min; Me in is the usual thick~ 
(sizes (see Grading of Slates in the preceding paragraphs). « It 
ortance for architects to specity the thickness of slates, cithor 
or fully }4 im thick, to secure a strong and durable roof. 


# are laid either on x board sheathing (rough, or tongued and 
with tarred or water-proof paper or felt, or on roofing-laths 
fe and from + to 154 in thick, nailed to the rafters at distances 
auge of the slates. Each slate should tap the slate in the 
ow, gin. The slates are fastened with two throepenny or four- 
tear cach upper comet, For slates 20 by vo in or langer, four 
Id-be used. Copper, cormpeaition, tianed, or galvanieed malls 

Plainiron nails are speedily weakened by rust, and they 
the slates to be blown off. On irom noods slates are often 
smal! iron purlins spaced at suitable distances apart to receive 
td with wire or special forms of fasteners. Tar caver of a 
wm exposed to the weather, which should be one-half the re 
by subtracting 3 in from the length of the slate, Roofs to be 
Ustionld have a rise of not less than 6 in to the foot for 20-4 or 
1 for smaller sizes. 

















ft walls or dormers are measured extray 1 ft wide by thelr whole 
extra charge being made for waste material and the increased labor 
fitting and fitting. Openings less than s sq ft are not deducted, and 
faround them are measured extra: Extra changes are also made for 
fines, anid any’ change of color of the work and for atceples, Lowers, and 
fir surfaces.” * 
‘he cont of slates varies with the size, color and quality, ‘The prices 
| following table are about the average (195) for blue-black slate, of 
fs loaded on the cars at the Pennsylvania quarry... The freight & 
Sof Gorsjuares at over to Philadelphia {rom Bethlehem, Pay 
Bian Decmetvacta oe Ouata, Neh, Antounsd ee errene 
‘ume.. It will be seen that slates of the xxcotust sizes cost the moat, 
[ithe larger and smaller sizes the least. Special prices are quoted for 
be The larger sizes make the cheapest roofs Red alates coat from 
{more than black slates. ‘The green slates are more expensive than 
{kb the exception of the Maine and Peach Bottom varieties 














@ Cost of Slates, and Pounds of Nails to 100 Square Feet of Root 
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ff blue-black-slate roofs, complete, varies from $9 to $16 per square, 
bo the class of work and remoteness from the quarries, ‘The addi 
iklaving slate in caste cement wares from $1.75 ta #40 per squat 
(eed roofer will lay, on an average, 2)4 squares of slate in 8 bours. 
Slate roofing He in thick wilt maths n theroof about 634 Ib per'sa ft, 
thick, 8% Ib, the smaller sizes weighing the most on account of the 
lettaal weight of a square foat of slate 14 in thick is 3.63 1b. A eubic 











* The Building Trades Pocket=book, 
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ts otherwise sclected by the architect, The tiles as specified 
ard-burned, of red color, and in accordance with samples de- 
{eof the architect, 

of Roof. Before the roofer is sent for, the owner or general 
struct the roofs iu strict accordance with the plans, sheath the 
all chimneys and walls above the roof-line completed, bave all 
‘ough the roofs, furnish all strips of required width used under 
(Lt by ein cont-strips used under the tiles at the eaves and 
Miding ready for the rooters’ use. The melal-contractor Is to 
ft place on the roof (gutters, whether box, hanging or Secret 
tend over the roof-sheathing and cant-strips, and ran under 
it least 8 in) and is to have in place, also, all valley-metal, the 
to be not less than 24 in, with both edges turned up $4 in 
length of the valley. ‘The valley-metal is to be fastened with 
Kiled of punctured in any manner. The valley-metal is to be 
of felt running lengthwite the entire distance of the valley. 
ctor is to have in readiness all flashing-metal used alongside 
comers, gables, skylights, towers and perpendicular walls, and 
(and chimneys, and is to place the same alter the arrival of 
Lunder his direction. 
‘After the mofs have thus been prepared to receive the 
tile-roofer is to cower the sheathing of the roofs with one thick~ 
ofing-felt weighing not less than 50 Ib to the square, laying the 
4 Jap and securing it in place by capped nails. The felt is to 
Ith the eaves, lapped over all valley-metal about 4 in wud laid 
metal about 6 in. 
Tiles. ‘The roof having thus been prepared, the tile-layer is to 
Ith copper nailk The roofer is to s¢e that the tiles are well 
nd that they lie smoothly, and no attempt is ta be made to 
& The tiles are to be laid so that the vertical tines are parallel 
Ad at right-anglos to the caves. ‘The tiles that verge wlong the 
close against the hip-boards, and a water-tight joint made by 
tiles to the hip-boards with elastic cement. Each piece of 
be nailed to the hip-board, and the hip-rolls are to be cemented 
(ch other. ‘The interior spaces of hip-rolls and ridge-rolls are 
Jeb the pobating-material, 











‘The prices of tiles vary from $7 to $y per square, 
tharseter of the surface-finish and to the pattern, The cost 
\g aaplalt-felt, varies from $5 to $10 per square, according to 
bs used, the number of layers of felt and the character and 
[If roofing-tiles are laid on book tiles or on cement, 20% 
the evst for Inying on wooden sheathing. Fluctuating values 
the item of copper nails, when these are used, one of fm- 


files. Roofing-tiles stamped from shoet steel, plain or galvan- 
sheet copper, in imitation of clay tiles, are marke by several 
@ have been extensively used for factories and buildings of 
ance. The first cost of these tiles, except those made of 
fs than that of clay tiles and they do not require as heavy 
bof galvanized-Iroo tiles, however, must, be painted evory 
for a long period of years they probably cost as much as clay 
An slate. 











Tin Roofs 1503 


te the larger number of seams stiffens the surface and helps to pre~ 
ed rattling in stormy weather. For « fat-seam roof, the edges of 
turned 14 in, locked together and well soaked with solder. The 
tened to thesbeathing-bonrds hy cleats spaced 8 in apart and locked 
‘Two -In barbed and tinned-wire nails are used in eteh cleat. No 
dedriven through the sheets, The seams must be made with xreat 
Heat time taken to properly swat thesolderinto the seams. Steep 
Wild be made with sraxpesc skants and with 28 by 2o-in sheets. 
re first singleseamed or double-scamed and usually soldered. to- 
fably’ end to end, into long strips that reach fram eaves to ridge. 
dams sre composed of two UPSTANDS, luterlocked at tho upper edge, 
hesheathing-boards by cleats. The standing seams are usually not 
simply locked together with the cleats folded in about 1 {t apart 
be driven into the cleats only, ‘The use of acid in soldering the 
Vroaf should be carefully avoided as acid coming in contact with the 
tthe cut eifges and cormem, where the sheets are folded and seamed 
bes rusting. No ether soldering-tus but good rosin should ever be 

















fof Tin Roofs. A tla rout of good material, properly put on, and 
} palated, will last from forty to fifty years, or longer. All traces 
ia the tof should be removed as soon as the tin i Lid and soldered, 
‘of paint should be applied promptly: a second coat should follow 
fer the first. One or more layers of felt 0 water-peoat paper should 
Bee the tin, to serve as a cushion, and abo to deaden the naise pro- 
[striking the tin. The durability of tin roofing, and especially: of 
falleys and flashings, is zenerally increased by painting the tin en 
bre laying. An excellent paint for tin roofs is Competed of 10 Ib of 
jut lb of red lead and 1.yal of pure linseed oil, 




















ke of Tin Roofs. ‘The tin roof should be given ane coat of paint 
Vand an additional coat of paint at four-yete or five-year fotervals 
bly sufficient to keep its upper surface in first-class condition ms 
‘uilding stands. With each painting the roof is fully restored to 
(itsom. Graphite and tar paints should be avoided on tin 
ten, Venetian red, red oxide or red lead, only, should be used ax 
th pure Hinseed-oil. Tinned gutters should be swept clear of acca 
Yeaves, dirt, ctc., and if water has a tendency to lie in the mutters 
be painted yearly. 

[Sheets Required to « Square. For rLatseaw noormc a sheet of 
ip, with in edges, measures, when edged or folded, 13 by #9 In, 
Hut Its covering capacity when jained to other sheets on the roof fs 
4814 in, of 231.25 9q in. The number of sheets to a square, there> 
|g goo divided by 231.95, of 63, and an area of 1 ooo 94 ft requires 62¢ 
bx of 12 14 by 20-in sheets will cover, approximately, 180 94 Mt. 
20in, when edged or folded, have a covering capacity of 490.75 80 ity 
Syer F000 64 ft (ro squares) requires 294 sheets. For STANDING: 
Ne the locks require 26 in off the width and r1¢ in eff the length of 
Wal by 0-50 sheet, with the seams oo the long edges, will cover 463 
ver 1.000 sq ft requires yx2 shoets 

be Tin Roofing varies from $8 to Sra per square, according to the 
tin, the locality and nature of the work and tho scale of wages. 
proofs cost about go cts a square less than Hat-sourm rocks, ‘The 
{by 20-In sheets are used, is about 2s%moee than for. a8 by ac-in 


























Covering Capacity of Roofng-Tin 1505 


shoes when on the roof. Wherever the slope Is steep enough the tin 
dd with standing seams, which allow for expansion and contraction. 


Sizes, Weights, Etc., of Roofing-Tin * 
fefs usually furnished {0 two sizes, sheets 14 hy 201in and 98 by 2 
sheets to the bax, Target-and-Arrow tin és furnished in three thick- 
hickness, approximately No. 3o gauge, U.S. Standard; IX thickness, 
Hy No. 28 gauge, U.S. Standant; 2X thickness approximately No. 
+S: Standard, etc. Weight per 1c0 99 ft laid on the roof, about 6s Th 
bess, 











Covering Capacity of Roofing-Tin 


4 Tin Roofing. ‘The following table shows the quantity of +4 by so-in 
to cover a civen nuniber of square fect with lat-seam tin roofing, A 
30 in with % in edges measures, when edged or folded, 13 by’ 19, 
(but Its covering capacity when Joined to other sheets on the roof 
by 1844 in, or 241.25 64 in. In the following table each fractional 
ext Is counted a full sheet, 








feet.| t00 | 110 120 | 130 | 140 | 190 | 160} 170 | 180 | 190 | aoe 
wied...| 63 | fo! zs tr] s8| ga | x00 | ne6 | rea | sx | eas 




















are 
ate feet.| ato | 220 | 290 | ayo | 250 | 260 | 270 | 280 | 290 | yoo | a0 
Wired.) vase | esp) t44 | go,| 356 | 16a | 269 | eps | 38t | a7 | pn 
tere teet:| 320 | x9 | 340 | x50 | 360 | 370 | x80] 390'| 40 | aro | 20 | 
faired, .,| 300] 208 | ars | 208 | ay | aye | 2x7 mas | a9 | 395 | 400 

es ot] | 
(are fowt.| 430 | 00 | 450 | 460 | 470 | #80] 490 | 500 | sto | sa | x90 
fuired, | 268 | ra | 38s | 297 | 295 | 27 | 908 | ara] ar] 324) ae | 
fare feet: | 540 | 92 | 960 | spe | 580 | 90 | Goo | G10 | Gao | tye | yn | 
Mired...| 37 | 343 | 449 | 355 | 962) 368 | 378] se | 986 | 392] 99 

pee 
lane feet.| 650 | G60 | $70'| 682 | ton | 700 | 710 | 720 | a3e | t40 | 790 
tuired..| 495 | grr | x8 | 24 | 490 | a96 | eee | 408 | ass | a6 | abr 
(age feet] 760] 770 fel eal be Bro | 20 | Ayo | Ago | go | ho 
Wired.) 474 | 480 | 486 | 4oz | 499 | Ses | sa | S87 | sau] Soe | sy 
tare fret} #70.| 850°] 890 | goo | g10 | 990 | 99 | gue | o90 | Go| gre 
Mined, «| sem) se® | ss4 | sot | sir | 57a] S79 | 586 | 999) S98) og 
| 1h 





fare feet | gto | 990 [1009 Jur] 
Hi | | 








#Tis Roofing. ‘The following table shows the number of a8 by 20-fm 
Fed fo covers elven number of square fect with flat-seam thy roofing 
fmsedged |4 in take r52 in off the length and width of the sheet. ‘The 
jacity of each shcot is, therefore, 2644 by 1814 in, or 49.25 sq fn. Tn 
table each fractional part of a sheet is counted a full sheet. 

fring tables of sixes, weights, covering capscities and costs are wtapted from 
‘snplled for the use of sheet-metal workers by the N. & G. Taylor Company, 
he 

















Covering Capacity of Roofing-Tin 1507 


Seam Tin Roofing, ‘The following table shows the number of 28 by. 
‘required to cover a given number of square feet with standing-seam 
de standing seams take 24 in off the width, and the flat cross-seams, 
take £44 in of the length of the sheet. The covering capacity: of 
fy therefore, 2676 by 1714 fn, oF 463.5989 In. In the following table 
tual part of @ sheet is counted a full sheet. 






















Wee bert | 100) tte | 20 | ae | 240 | 150| 60 | 170 ip | xO 
Wired.) a2] as) 38) at] 44) a7] so] ss o| & 
ee feet age | 20 so yo | yo 
died "7 o | 97 
vee feet 36 | | ato | 420 
sired ita 138 | a 
re feet = | $20 | sjo 
tired at Xa | 
are feet so 6 | 40 
hired. 180 | 16 | 
fe feet. oe m0 } 2 
tired aia | P| a 
Gee 800 30 | 860 
dred. 7 261 | abs | 28 
te feet go | 920 | ape | gue | oso | $40 | one 
tired 277 | 80 | 283 | 286 | 28) | a2 | 26 | ayy | a 
tte feet.| pe | | 

fired). | 9s | 28 | | | 





tox of 122 sheets 28 by 20 in laid in this way will cower ySo 49 ft 


be Long or Short Way. Sheets r4 by 20 in can be laid either the 
tway, ‘The best roof is made by laying the sheets the rg-in way 
using the 2% by 20-in sheets, they should always be laid the zoin 
twith the short dimension crosswise, 





Cost of Roofing-Tin 


Cost of Tin for Standing-Seam Roofing 
Sheets 28 by 20 in. Price per box and per square foot 


Ibu. ce) 81192 812, 00/ 842,59 $43.00) $19.92) $14 00/914. 50] 81S.c0) 8x5. 50 
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san}0 sao. 6 
Fainates do not inctue cont of laying. The cont, usiteg 4 by’ 20-6 vheets, 
(P wboet 25% more than the cost. using #6 by vo-in sheets, owing to the 
feet seams, More tin, soliler, cleats and work are thereloe necessary. 
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Cost of Tin ta Rolls of Gutter 
Lator, slder, “ioesemee 





A bow of exa sheets in afin 


Cost per tinewr foot, a8 ia 
Cont per linear foot, 20 itn wi 
Cont per box (28 by 20 ia} 
‘Cont pee Tinear foot, 35 
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Shg and Gravel Roofing 1500 


\e. For the convenience of roofers and for rush-orders, Target-and~ 
it up in rolls 14, 204d 28 in wide. Each roll containg 108 sq ft 
ft, 28 by aovin sheets laid 20 in wide). ‘The tin is painted on one 
as wanted, with good metallic brown paint. Seams are carefully 
kad, good 209 to 100 solder and rosin being used as a Gux, 


Slag or Gravel Roofing 


try Gravel Roofing * over boards is formed by first covering the 
roof with dry felt (paper) and over this laying three, four, or five 
fd or asphaltic felt lapping cach other like shingles, so that only 
bof exch layer are exposed. In laying roofs over concrete the dry 
amopping of pitch is placed directly on the concrete and the first 
It embedded in it. 
fainst walls chimneys, curbs of skylights, ete., is done by tuning 
im against the walls. Over this is laid an 8-in strip with balf its 
bof. The upper edge of the strip and of the several layers of felt is 
the walls by nailing wooden strips or laths over the felt and into 
tal flashings 16 protect the felt are better than the wooden strips 
Used when possible. At the caves and on all exposed edges, 
ops should be used. 
lethod of Slag or Gravel Roofing is to lay two plies of tarred felt, 
ther ty In, and then spreading a coat of pitch over the entire roof, 
three more layers of felt are laid and then coated with pitch, into 
thed slag or screened gravel is embedded. 
ms for Pitch-Slag or Gravel Roofing. The following specié- 
describe the latter method more in detail and also the materials 
lused to secure a first-class job. ‘These roofs are most efficient and 
Aipuratively flat taclines, “The usual built-up roof consists of suc- 
of saturated felt cemented together and surfaced with coabtar 
lt, into which is embedded the gravel or slag. Tile is nlso used as a 
prial.. The saturants used in the felt arc generally coal-tar or 


vunds. 











leation for Pitch-Sing or Pitch-Gravel Roofing Orer Wooten 
‘Sheathing 

ation stiould not be used when the roofncline exeveds 5 tn to x ft. 

ckness of sheathing-paper or unsaturated felt weighing not less 

100 39 ft, lapping the sheets at least 1 in 

tire surface lay two plies ¢ of tarred felt, lapping cach sheet 17 im 

ing one, and nail as often as is necessary to hold them in place 

nding felt is toid 

tire surface uniformly with pitch 





lations for ordinary gravel roofing. including Gashing, see page 767 in 
tietion and Superintendence, Part II, Carpentees" Work, by F. B. Kititer 
andiadapted from epeciécations published ly the B 

own, in thelr full form, as "The Barrett Specifications.” 
be manufacturers 








lem States the number of “plies!” is construed to mess the total oumber 
leary as Well as saturated felt, and the terms 5-ply, s-ply, «ts are bere- 
ft aais. Th the Eastern States, s-ply, s:ply. etc., usually velers to the 





tol saturated felt. The total aumber of layers should abways be speclted 
‘ube as to the exact meaning ol the term as used ia the specications, 





Diagram of Grivel or ae Roodng on Diagram of Gravel ot 


Spread over the entire surface's uniform enaiting of 
hot, embed not less than 4oo Ib of gravel or 900 Ib of slag to 
grains of the gravel orlag are to be from }4 to 4 in im Size, and 
dirt. 

‘The roof may be inspected before the gravel or stag: 
not less than 3 ft long at right-angles to the direction | 
All felt and pitch is to bear the manufacturer's label. 


(a) Specification for Pitch-Slag or Pitch-Gravet fee Sata 
‘This specification should not be used when the 
foot. When the incline exceeds x n to ft the concrete must pet 
nailing-strips mast be provided. i 
Coat the concrete uniformly with bot pitch. 4) 
Over tho entire surface lay two plies of tarred felt, Ingping « 
ever the preceding one, mopping with pitch the full 17 i on ea 
in no plnce felt touches felt. . 
‘Coat the entire surface uniformly with pitch. | 
‘Quer toe eniline satace Way haces of ao ae 
cover he yreceting ue a wanygiig Wit is etn 
p Wauce WO Naren 
Sea as ‘he, entire, wathage een | 


| 





Slag and Gravel Roofing 11L 


Teas than 400 fb of gravel of 300 Ib of slag to enth roo 9q ft. The 
‘vel or slag are to be from $4 to $4 in in size, and dry and free from 


tbe Inspected before the gravel or slag is applied, by cutting » slit 
ft long at right-angles to the direction in which the felt is laid. 
eh is to bear the mauufacturet's label. 


kg and Gravel Roofing, The difference between slag and gravel 
bor the former crushed slag is used instead of gravel... The greater 
bHies of tarred felt, the greater the amount of pitch that it is prace 
Hit is the pitch that gives life to the roof. As there are several 
{sand qualities of tarred felt, a specification should state either 
(elight per 100.94 ft, single thickness (the most practical weight is 
1), OF some known quality, such as Barrett's “Specification Tarred 
fighing less than 12 Ib per 100 4q ft is not economical even on the 
‘To comply with the Barrett specification the materials neces 
bo .90 tt of completed roof are approximately as follows: 


Ore boards | Material 


tog ft Sheathing-paper 
oto a5 lb | Specification tarred felt | foto As ib 
Letoxtatb | Specification-pitch | x80 0.235 Ib 
pol Gravel 400 Ub 
pe Slag see Ib 














felt, the average weight Is practically 19 Ib per x09 sq ft, single 
About 10% additional is required for laps. In estimating pitels 
ditions and expertness of the workmen will affect the amount 
fe moppings and for a proper embedding of the gravel or slag. 
Aualitics of pitch, a specification should cither specify. it 
Specification-Pitch” or "Straight-Run Coal-Tar Pite 
it-pitch, the brand or origin should be plainly defined. The 
player of sheathing-paper next to board-sheathing is mainky far 
preventing any pitch which might penetrate the felt from cement 
tothesheathing. It Is also of value in preventing the drying out 
i below through open joints. Where a less expensive roof is do= 
‘or three plies of saturated felt may be used. With the four plies 
used from ge to 100 Ib of piteh per 100 9q ft of completed rool; 
(ree plies from 70 to 8o Ib of pitch. 
{ Slag of Grave! Roofs. ‘These roofs, mentioned In the pres 
Ih, will lust from five to ten years, of even longer, depending upon 
ye materials used and the care with which they have beon applied. 
strictly as provided for in the standard specifications will ta 
(more, and if'a tile surface is used, instead of gravel o slag, the 
as long as the structure itself 
o Fire, Acid-Fumes, Ete. The fire-reslsting properties of the 
bof are due principally to the incombustible materfal on the siur- 
ned that the gravel or slag tends to prevent the successive kayers 
} fom burning and the whole mass has a blanketing influence on 
within the building. Same cxrefully conducted tests seen to 
wel mating pevtects « wooden root better than tin. The general 
sa gravel rooting & to soften the pitch or asphalt in the rooGng, 




















Corrugated Tron and Steel ‘Sheets 1513 


‘cement, Into which, while hot, lay two thicknesses of Warren's 
toofing-felt, tapping each sheet 17 in over the sheet preceding. 
the full width between the laps of the felt thus laid, with War- 
fand roofing-cement. 
te exposed surface of the felt tnop an even coating of said 
le hot, lay a third thickness of the felt, lapping each sheet at least 
jet preceding, and sticking these laps thoroughly with bot roofing- 


A sheet of felt, mop an even coating of cement and over this lay a 

fel , having the laps come in the middle of tho shoot underneath, 

¢-2in laps as before 

fe suirface of the felt thus prepared, spread an even coating of the 

Wg fe immediatly with « saint boty of well-creeneth dry 
sing. 

{s applied In cold weather, the gravel or slag must be heated. 
halt-Gravel or Slag Roofing. Aspbalt-gravel roofing costs a 
aupiteh-gravel roofing of the same grade. (See Cost of Piteh= 
Roofing, page 1912.) 

t% Asphaltygravel or asphalt-slag roofing should not be applied 
Ge stecp enough to make the material run ia hot weather. ‘The 
if various roofings will guarantee the permanency of their roofings 
fwum slopes. 

yofing. There is a large number of so-called PREPARED RooFLNOR 
os, which are made by cementing together two, three, or more 
ted felt or felt and burlap and then coating the combination either 
ition of the aame cementing raaterial, or with hot pitch of asphalt 
fabedded sand or fine gravel. . These roofings are commonly: put 
ide and are applied by lapping the strips 2 in with a coat of 
tial between, and nailing every 2 or 3 in with tin-capped roofing~ 
‘ent quantity of cement, nails and tin caps is packed in the middle 
¢ particular advantage of these roafings is that no previous expe- 
for laying them and no kettles are required; for this reason they 

used [a the country, and on railroad-shops, factories, and mill 
ities there is no particular advantage in using them except for 
jo steep for coal-tar pitch, as they cost on the roof about thesame 
ofing. Many of these prepared reofings are as durable under or- 
as as tho light-weight gravel roofs, In Colorado, however, it bas 
t they are badly damaged hy severe hail-storms, probably owing 
he protecting gravel. For roofs having a rise of 1 in or more to 
foofings make economical and durable roofs, and for some build 
eelerred to other materials. 








Corrugated Iron and Steel Sheots 


Sheets of fron and steel are very extensively used for the roofing 
lls, sheds, grain-elevators and warehouses. The best grades of 
its are now made of double-refined box-annealed iron or steel? 


ax been notified by the Wasren Chemical & Manufacturing Company, 
fheen pot on according to their direetions, their Anchor Beund roofing bas 
used cn relatively steep surlaces where the spe was aa high a2 9 in tothe 


that “the hile of a geauine PevoLen-taow abect when 
elastin fs dr ts cbt Chass kang, ea hee eae 





sulphurous and other gases from ten iota 
Chalgrinr ae al 





Corrugated-Steel Roofing 1515 


tiade by one of two corrugating companies, Corrugated shorts are 
jock in g-ft, 5-ft. G-ft, pt, Sft, g-ft and soft lengths. Sheets cas 
as long as 12 ft at a coat of 5% extra, The &ft length, however, is 
dnl used. ‘I'he width of the sheets, ns a rule, is 24 in between con« 
‘outer corrugations, so that the covering width is 24 in when one 
is used for the side lap. ‘This applies to all sizes of corrugations, all 
de two mills make wider sheets. The 2-in, 2}4-in and 5-in corrugated 
‘ade in all gauxes from No. 16.t0 No. 28, the t}4-in corrugated sheets, 
to No. 28, the $#-in corrugated sheets from No. 24 to No. 28 and the 
fated sheets in Nos. 26, 27 and 28 only. No. 28 gauge is the one com- 
forall purposes. Theshcets are generally painted with a red mineral 
{shipping and galvanized sheets, also, can be obtained if desired. 
fed sheets are sold by the square (100 sq ft), measuring the actual 
fengths of the corrugated sheet 











Corrugated-Steel Roofing * 


data. For covering roofs, either sin, 2}éin, or 2-in corrugations 
fed, the 244-in being the most common size. ‘The thickness or gauge 
on tho distance between the supports on which the sheets are laid. 
© 28 jeauges should be laid on close sheathing, or strips not more 
toe ft on centers. ‘The maximum distances between supports for 
Vahould be as follows: + 

ig gauge, from 2 to 234 ft, center to center. 

2 and 20 gauge, from 2 to 3 ft, center to center, 

Bigauge, from 4 to 5 ft, center to center 

6 gauge, s to 6 ft, center to center. 

pitch which should be given ta roofs that aro. to be covered with 
thoets is 4 ia to the foot, and for trussed roofs itis not desirable to 








[ae oF si: ce 
Fig. 1. Approved Method of Laying for Side Lap 


fn & one-fourth pitch (6 in to the foot). When laid oo a rool, corru 
tshould have a lap at the lower end of from. to 6 in, sccoeding to 
the roof. For a $4 pitch, a s-in lap is used; for a l4 pitch, a g-in 
Fa 4 pitch, a sin lap, For the side lap it is recommended that 
ite sheet be laid upside down and lapped as shown in Fig. 2. By 
phen water is blown theowch the fiest lap, it will stop and mot pass 
but ran down and out at the end of the sheet. A great deal of 
‘ever, is laid as in Fig, 2, In applying to sheathing or wooden strips, 
(re secured by nailing through the tops of the corrugations, the nails 
A through every alternate corrugation at the ends, and about § in 














factical information cerarding the wie of corrugated sheets on. mill-build- 
Mapa, J coxtaisod in Stee! Afi! Buildings and in the Structural Ex- 
We yr Ati Keccdumy 

mets a coerapated sbects, see the books sbove mentioned, 








Corrugated Siding 1517 


corrugated sheets an allowance must be made for the laps. ‘The 
egives the number of square (ect necessary to cover oae square of 


«Approved Fastening, Fig. Alternate Method of 
ie Sheets at Eaves Fastening at Eaves 
« Using sheets 8 ft long. If shorter sheets are used, the allowance 


y increased. 


‘Square Feet of Corrugated Sheets to Cover 100 Square Feet 
ot Root 





+ ~ 
tin | ain | 3in | gin | sin | 6in 


| 





sqft | waft | eqft | sqft | sqft | egft 














frugation... mo | ou | ua | ug | oq | mg 

torwgations....| 6 | uy | na | uy | sa | tar 

ragations,...0) tax | ray | tas | a6 | a | oe 

+ Welghts in Pounds of 100 Square Feet of 2¥4-in Corrugated 
Sheots 

No. 3 |/No. 27] ‘0.26 | Novag | Nex az | No. 20 18 | No. 16 











“ 3 9 | 17 186 m 236 2 


(2. 7s i | as | its | aso | as 

















tion Lining. Wherever corrugated steel Is Inid om puifing 
log oF paper underneath, if the building is heated, moisture will 
‘on the under side, and if the air in the building is warm and 
ble dripping will result. To prevent this dripping, it is neces- 
the under side of the corrugated steel with paper or felt. "This 
int stretching poultry-netting over the parlins, from eaves to: 
Ing the strips together at the edges. Over this should be faid one 
ios paper and one or two layers of saturated felt The cor- 
yy thes be fastened to the purlins in the usual way. The side 
ured by stove-bolts, with x by }4 by 4-in plate washers on the 
the Hning. 


Corrugated Siding 
ither the 2}4, 2, or th¢-in corrugations ate asd, The «4-in sine, 
the best appearnuce. For the laps, 1 in at the bottom aad one 
the sides are sufbciews. 

the sheets may be nalled to cross-pieces cut in between. 
and spaced fron 2 to 3 ft apart, ie steds belag tees eine te 








Classification of Tiles 1519 


‘Tiles or Ceramic Romsn Mosaic. ‘This material is made of 
in tesseral pieces representing the tessers of the Roman mosaics, 
‘regular tiles raruging from }4 to 36-in squares and also in hexagonal 
W into rin in size, A rounded togeNar Tur i also manu- 
laid in tesseral paying. (Soe, alse, Flooring of Mosaic, Terrazzo, 
b) 
itself ts of great hardness and well suited for work of a monu- 
lic character. Tho even and regular texture of the tessera admits 
M DaMasx pestexs which have become identified and associated 
rial. ‘The minuteness of the tesene admits of a great range in 
the following of the architectural, lines, The coramic Roman 
3 preferred to mosaic consisting of natural marbles, because of the 
in colors and Its greater durability. The vitreous-clay tiles are 
attacks of any acida contained in the atmosphere, while marbles, 
subject to rapid disintegration caused by the sulphuric acid con~ 
faoke-laden atmosphere af our dtlcs. 
We Mosaics and Flint Tiles. These are the largest and heaviest 
tured in this country. They are either plain or inlaid and are in 
in ecclesiastic work on account of their relation to medinval 
The material is vitreous, annealed and tougher than it is brittle. 
efor exterior polychrome work. 
‘Tiles. ‘These are large, heavy and thoroughly vitroous tiles used 
‘ork. ‘They are the anly vitreous tiles of large size made in this 
tho tiles are large anc generally of hexagonal shape, the jolnt- 
ced to # nsinimum, and they are, therofore, especially adapted 
dperating-rooms and wards for contagious diseases. 
‘Tiles, Wall-Tiles and Mantel-Tiles. The following include 
pameled tiles- 
Wall-Ties. ‘These are glazed tiles for walnscots. They have 
‘edy and a surface covered with a clear glaze. The brilliancy of 
its reflecting properties make the white wall-tiles especially de 
& passages. 
Glazed or Enameled Tiles. Those tiles are about the same ak 
Auallity; the oLare or ENAMEL, however, i4 stained with metallic 
produces a beilllant decorative effect 
bn, etc,, Finished, Enameled Tiles. ‘Those are glared tiles with 
[wo enamel-finish ‘The dull finish is produced either by. sand- 
Mevitrifying enamels. It is principally used for qualut decorative 
tebwork. 
Roman Mosaics. Thi: a type of enameled tiling which has 
ve possibilities. It has the same tesseral texture as, the ceramile 
is readily applied to wainscots and mantel-work. 
Tiles. Clay tiles are set in Portland-cement mortar asa nile, 
Wi this character should always be provided with a substantial 
Ceramic mosaics are sometimes laid on a flexible base, With 
an wooden floors can be provided with tile covering, and owing 
grand lightness of the material, floors in elevators, boats and other 
btures can be safely tiled. 
a, fra 9 to 12 fi square, have been extensively used for Boring, 
feomat of thairalocewracive effect. None of the marbles, however, 
pmeqwentty as durable a the vitreous and ceramic tiles, and 


























Mosaic Flooring, ‘Teruzzo 1521 


fF, like a carpet, except that they are not fastened. Experience has 
they are very durable. Each tile is 294 in square and % in thick; 
required to the square foot. Rubber uosing for stairs is made to 
th the tiles. 

Cost of Different Til 
hate Cost. The following prices are, prererienany Se the cost, to the 
E factory. To these should be added the freight and the dealers! 
je Cost of laying the tiles un a cement base, in addition to the cost 
should not exceed 25 cts por aq ft, 

















Bloor 




































* : Pretory price 
Knits of tiles eet 
owuatio tiles. unglazed, 1S.cte 
less white... | aece 
jesiaes... | from 23 te 26 cts 
es, or cetmni: Roman momic | From 20 to ss ctx 
Wall-Tiles ad Maritel-Tiles 
Kinds of tiles a mtg 
{dl all-tites ee 
(ged or enameled tiles. 
dul satin-finish | Sas 
feom 45 cts, upwards, laid | 
fadence, plain colors | from $9.60. tote 





Flooring of Mosaic, Terrazzo,” ete. 

‘of Mosaic Work is largely used. (Soe, also, Ceramic Tiles, or 
Mosaic, page 1519, and Merbleithic Tiles, page 1s20,) Tt fs 
small pieces of stone, marble, pottery or glass, usually laid in some 
desig or pattern, A bed of concrete is first nid and the small 
material used set in a floating of cement and made from 4 tot in 
cubes of varicolored marble are used, pressed into the cement 
[called RowAN Mosaic, A somewhat cheaper flooring is made by 
jarble chips of irregular shape over the surlace of the cement, 
into Ik with plasterers’ floats and rolling them with irom rollers. 
‘Texuazto Mosaic, The following is from the specifications for 
Museum, Chicago, IL, D. H. Baroham, architects; “ Filling 
‘shall be composed t part cement, 9 parts sand and 4 parts brick. 
filling commences to set spread « '4-in wearing wurface 

with only enough neat Portland coment to Genily unite the 
and toll, and alter the mortar has set, rob the terrazzo’ to a 
surface and wash clean.” “Terragen floors in the Bast cost from 
34 ft, contractor's profit Ineluded.” + 

om Terraneo Floors, by C. R, Marsh, in Journal of the Soclety of Construce 


Buildings. July. ora. 
The New Batimator, hy Willies Arthnry 1ga4. 











Mineral Wool 1633 


‘er planks or boards, a layer of stout, dry, but not tarred, sheath- 
first be pat dowa and the asphalt laid on this. Asphalt floors 
be at least rin thick. Architects and owners desiring toemr 
‘ur for any of the above purposes should be careful to secure the 
‘Peavens, Skyaske, or SICHLIAN. ROCK-ASPHALT, as there axe 
(are of but little value. 
ous Sandstones of California have been extensively used for 
‘Western cities. They are prepared for use as paving-materials 
powder. With this powder a considerable proportion of sand 
tally mixed and the mixture heated until it becomes plastic; it 
ter the roadway’ and compressed by rolting. 


MINERAL WOOL 


Mineral Wool. ‘There are at least two kinds of mineral wool 
try. The more common quality is made by mixiog certain 
ith the MourEN SLAG from blast-furnaces and: converting, the 
‘fibrous state, ‘he best slag for the purpose is that which is 
‘Tho appearance of the finished preduct f+ much like that. of 
and fibrous, but inno other respect are the materials 
‘ade from slax appears in a variety of colors, principally. white, 
ror gray, and occasionally quite dark. The color, however, is 
dication of the quality,.s all of the peculiar properties of the 
jent fo equal proportions in any of the shades. The other kind 
Is kenown as nocx-woor, and is made from granite rock ralsed Lo 
Claimed that as it is absolutely {roe from sulphur, it is the only 
fnulactured. It has been approved by the United States War 
thas the same general appearance as that made from slag, and 














(meral Wool. Both of these materials consist of a mass of very 
[ inelastic, vitreous fibers interlacing in every direction and 
erable number of minute air-cells. Its great value in the insu- 
{tion of buildings lies in the number of alr-cells which it contains, 
(on-conduction of heat, and its fire-resisting qualities, In wool 
non slag, 92% of the volume consists of air held in minute cells, 
grade the proportion of air reaches as high as 96%. Thié con- 
(Lone of the best, if not the best, of the non-conductors of heat. 
(qualities itis very durable and contains nothing that can decay 
¥. Being itself incombustible it greatly retards the burning of 
partitions if their inner spaces are filled with it. 

gral Wool. The greatest value of this material is as.an insula- 
alio a valuable non-conductor of sound. 18 is the general 
f, that it can be considered only ay a scureiex of the sound- 
seems to be no practical way in which it can be used so as to 
(ithe floor and ceiling. It would be crushed by laying Moar- 
As symuiller or Sling between the beams, however, there bs 
g that is superior, In the end, then, it would seem that the 
\sulation from sound, without separate beams, would be obtaiiied 
{Mooring on some material like Cabot's Quilt or on a very thick 
faces between the floor-cleats filled with mineral wool 
Applying Mineral Wool. Mincral wool, when used alone as 
may be laid on boards cut in between the joists, or on, top 
Vhen that material is used, The wool should be st least 2 in 


























Cost of Structural Steet 155, 


(Prugated and checkered plates, from $1.75 to $1.90, 
structural, the base is $1.40, 
Mange, the base is $1.50. 
fed steel, painted, No. 22, $2.15. 
ited stecl, galvanized, No, 22, $3.00 
sheets, black, Nos. ro and 11, $1.90 
sheets, galvanized, Nos. 10 and 11, $2.35. 
sheets, black, No, 22, $2.10. 
sheets, galvanized, No. 22, $2.95. 
mm, the base Is $1.65 
$2.10, 

(2933) in car-load lots are: Pittsburgh to Albany, N. ¥.. 16 cts; 
4434 cts; to Boston, 18 cts; to Buffalo, N. ¥,, a8 cts; to Chicago, 
r5 cts; to Cleveland, 10 cts; to Columbus, O,, 12 cts; 
Hiv cts; to Louisville, 18 ets; to New York, 16 ets; to Norfolk, 
f to Philadelphia, 15 cts; to Richmond, Va., 20 cts; to Rochester, 
iets; to St. Louis, 25 cts; to Washington, D. C., 14)s cts. 

‘const points, It has been customary to allow a discount of about 
the base, at Pittsburgh, on account of the bigh freight, and to meet 
competition. On account of the expense of carrying beams in'stock, 
usually charge from )4 to 1 ct = pound, extra, on orders supplied 

























Extras to be Added to Prices of Plain Beams and Channels, 
‘of work whatever is done on the plain steel, oF if the sanie is cut to 
‘a Jess variation than %4 in, an extra price is charged, which is based 
ing list, adopted in 1902. ‘These charges are common to all shops 
tder isof any size: 

{ 





Extras to be Added to Base-Price for Each roo Pounds . 
breutting to length with less variation than plus or minus #4 in.., 15 ¢ts 
Penching one size of hole in web only uta 15 cts 
paniching one size of hole in one or both flanges 15 ets 
(alts punching one size of hole in either web and one flange or web 
both @anges The holes in the web and flanges must be of 
same size... os cts 
‘punching cach additional size of hole in either web o flanges, 
frets azd one flange, or web and both flanges 15 ctw 
lain panching one size of holo in Mange and another size of hole in 
feb of the same beam or channel Lebee goiet 
Gnehing apd assembling into girders as cts 
(pling. ordinary beveling, including cutting to exact lengths, with 





fee without punching; including the riveting or bolting of stand- 

ard connéction-angles + 3g ets 

be painting or oiling, one coat, with ordinary oil or paint, 10 «ts 
ied beams and channels, and other shapes for ships ar other 








; per Peron 
Cake. 0 0€ other unusual work... shop-rates 

Gittings, whether loose or attached, such as angle-connectioas, 
asd separators, tie-rods, etc.. asaer eg $i.ss 





fds im all cases, where estimated upon in connection with beams or 
by are to be classified as fittings 
biking Sn estimate of the stcelwork fro the framing-plana, the weight 





Roof-Trusses. “In lotsof, 
in which the ends of the member: 
‘Trusses weighing 1.000 Ib each, #) 
1 500 Ib each, from $0.90 to $14 
from $0.75 to $0.85 per 200 Ihe 
from $0.60 to $0.75 per too Ih.’ 
‘per roo Ib more than riveted tru 

Steel Mill-Buildings. They 
buildings, including draughting, | 
from $15 to $45 pee ton.f 

Coat of Drafting. Dotails f 
and valleys cost from $6 te $8 p 
from $2 to $4 per ton. ‘The cost 
the character of the construction 
architect's drawings. The aver’ 
drawings are about as follows: 


For entire skeleton constructi 
foundations by the steel co 

For the interior parts which an 
walls carry the floor-loads: 

Yor the interior parts which @ 
coutaide walls carry the flor 

For construction without colun 
wonry walls, $0.85. 

For buildings in which roof-tru: 
part of the construction, ¢ 


* See Structural Engineers” Handt 
Vor mich watwulive fina. eating 
‘Buildings, vy Wie S, Betcmmn. 





Weight of Steel in Buildings 1827 


fs in which roof-trusses on masonry walls comprise the greater 
the construction, $1.25. 

Idings, average, $2.50; 

turing or shop-buildings, with Mat roofs, and one story In height, 


ans, additions, remodeling, which require measurements before 
ind shop-drawings can be made, $1.90. 


® Estimates of the Weight of Steel in Buildings. Accord- 
yrrell,* the weight of steel in any proposed new building may be 
ted from the following data, which is « fair average for buildings 
fh stories high, designed according to the Building Laws of the 
& 

















Per sq ft 

of floor 
houses and hotels, with outside frame. . scones 4] 
thouses, without outside frame. . 9 lb 
dings, with outside frame a3 lb 
gs, without outside fra rs lb 
és, with outside frame. 28 Ib 
& without outside frame 18 Ib 





higher than cleven stories, the weight of floors will increase in 
(on to the number of stories, while the weight of columns will 
rapidly. 

roximate weight of rool-trusses, see Chapter XXVIL, pages tos0 


wrehant Steel. The cost of merchant iron and steel of all kinds 
‘ertain size of each particular shape, which is taken as the maxx, 
of all other sizes is figured at a certain extra rate above tho 
f to a standard camp or witinyTaAS. ‘The BASEPRICE may 
ye changed without notice, but the extras remaln constant, and 
fall localities. The following tables, on pages 1528 and 1599, 
dard classification of extras on iron and steel bars. 








 Strectural Steel, in Architects & Builders’ Magazine, Jan.. 1905. 
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Estimating the Cost of Buildings 1520 
ndand Classification * of Angles, Channels aad Toes 
Angles 
Sica Brisa 








ad heavier, but under 3 
im and heavier... 






dan in aioe 22222 : 
fd larger, but emailer than 4 in, }¢ in thick... 





" om 
{ jo.t0 per too Ibs 
over Me ig 











Channels 
“er boy 
fa 
thicker... 


and Witter, but under y in, 16 in thick. 














Tees 

| Benen ger 
Shes sole 
heavier, but under 3 in...., aig ™] Bise 
beavier re 10 
and heavier : 0.20" 
hiicker - 0.98 
[eet teetnd 0.60) 


her 
phicker B tt 
p Dut senaller than x im, 16 im thick, 





2.00 
{pes 100 1b) 
“t| over Bta'in 








T Tntermodinte sacs take the next higher extra. 


Jcarslond lots for any city may be obtained by adding the frelght- 
paige 1525 to the base prevailing at the mills. 


‘TING THE COST OF BUILDINGS* 


per Cubie Foot, ‘The method of commmroor VALDES 
more than any, other in estimating the cost of wny 
the plans and specifications are sulficiently complete for taking 


indebted to FE. 8. Hand for valuable data relating to this subject. Me 
te others whee names are menticned in conaecthin with particular 
readers are referred expecially to tho Handbook of Cost) Duta. fer 
Mnxiseers, try HP. Gillette and to The New Building Estioator, ty 











Methods of Determining Cubage 183t 


odicating that the results here are virtually identical; so.nearly 
Ack cunic-roorcosr of a certain kiad of building can be relied 
estimate within from s to $% of the actual cost of now work of 
id under the same conditions. Other types of large structures, 
diidings, hotels, churches and theaters, are leas subject Lo stand~ 
t more variable in equipment and finish. "This is true also of 
and other small structures whose lesser bulk, moreover, renders 
a close prediction as to their cost. "These uncertaintits do not, 
{the rejection of the conte-roor-cost se rnoD for preliminary 
ty do indicate that it is less closely approximate for some types 

But the degree of uncertainty oa even the most variable 
himized and should be reduced to pertiaps soo under careful 
imputation, Such system should cover « considerable number 
pg account of all {actors of material influence upon cost in each 
ollow a consistently Gniform method of determining cubic-foot 





Which Influence Cost include the following. 
market prices of labor and materials, 

‘nstruction employed, depth and kind of foundations and exist 
tpecial features such as towers or domes, 

ternal facing and oramentation; intemal surfacing and deco 





(2) number and complexity of heating, lighting, ventilating, 
levator and, other systems; (b). extent to which apparatus 
‘ment, such as laborntory-devices, opera-chairs, bank-counters, 
tovided for direct use of occupants of building. 

‘bitoct and other experts. 

Costs of structures of a given type will vary with the locality 
of differing standards of practice and building laws, availability, 
‘ng materials, labor, etc. 

, developing In the experlence of the architect. 

of Determining Cubage may cither simply recognize the 
tume of the building or, better, may employ a cokmnicient 
Yy part whose coat varies materially from the average. The 
ay be preferred as allowing a closer calculation of variations 
ples. For instance, an unfinished cellar or othen story or & 
‘would cost leas per cubie foot than the remainder of the build 
iF or dome or Gnished basement containing, also, an expensive 
t, would cost more. Foundations sometimes cost so much 
figuring to their full depth as though the finished building were 
that level. 

oats. Subject tothe foregoing considerations, the following 
{ buildings may We tised w¥ 4 STANDAKD FOR AVERAGE CASES, 
vill probably be found too low for New York and some other 
fomewhat above those of several other sections of the Uulted 








steel and terra-cotta, stone and brick facings, complete equip- 
1 grade of interior finish: 






‘Type of building Cents per 

cubic hot 

BB. ooe $2 t0 35 
& " 49 to 45, 





20 toa 








Sstimating the Cost of Buildings 
Miscollanoous Buildings 


aughter-housete dices scese 
implete, fncluding patient 
hapel, hospital, mortuary, laundry, workshops, 
asorion ‘ 





"$1300 to $1800 
ite, or for barracks, but not 
t water 
$s15 to $60 
rising swrimming-baths, -slip- 
fy, caretaker’s quarters, ma- 
plete E 
+ Including buildings, cellar 
he, machinery, coppers, liquor- 
¥6, coolers, refrigerator, toe 
and all other requirements, . 









$5.00 to. $7.25 
Sas to 





al 
$8.00 to $14.00 
Sto Siss 
trtily constructed 
{ ato sects 
‘te, with iron finishings and 


$2.46 to Sy.t4 

Sig to Sar 
lwith common fittings. . 

Sr. 8s to 





Stas to 
for farin, wooden fittings 
i $1.62 to 1.68 
d . Sroolte $ix8 
infantry 
$£.8 to $1.90 
If power-houses; — bulldings 
, exclusive of machinery and 


lin New York; comprising or- 
rk in Front, elevators, fire- 

jod the whole well Gnished in 
roughout 

cluding sdministtative 





: $1 790 to $2 boo 
jr small towns 
ae $e 200 to Sr 750 
cluding all nursery-buildings. 

$7 000 to $2 600 
\asdete da every particular... 





1533 


Cost per 
cubic foot, 
‘cents 

16 tors 


18 to 28 


sotoss 


34 40 


16 to ay 
18 toas 


as tous 


rotors 


6 tod 


wr 


a torr 


12 tore 


16 t019 


32 040 
ay to.sa 
#9 to 25 
19 to 25 
35 toab 


26.to 3s 
25 to a7 









































character; 
Main building, 14-1 ceilings, 
















Per square foot. $4.09 to $5.00 
Additions. - 
Pee square foot. $1.85 to $2.49 


Houses, third class; country-howses; 
Height of celliog, rx ft 
Per square foot. 

Houses, fourth classy speculative buildings: 
Ceilings, ro ft 
Per square foo 

Houses, filth class; tenements a 
Cellings, 9 ft. 
Per square foot. 

Hollow-tile houses, covered with cesmant oF stueco, 

abouts... :cciiast Coed 

Libraries; pubic. complete In every rani 

Manicipal lodging-bouses; for cities and large 





Sr.23 to Big 









$550 to Ser5 





Musoums, public; 
For towns. . 


ri 








For small cities and towns...» « 
Tows-halls, complete; for large cities. 
For small cities and towns. 

Alternative prices; basement, 
Superstructure. 
Ornamental towers... 
Theaters, complete; per head of accommedations, 
in large cities 
In small cities and towns 








fe 
Pera y| 








Chimneys 


7 
Chimney-shafts, plain, as for factories, ete, complete, including) 
foundations, iron cap, ote, height measured from surlce 
ground to top of cap; not exoseding 100 It in helihtt...) cc 8 
Chimney-shafts from roo to 289 ft in height 
Chimney-shafts from 180 ta aso ft in height 


* "The prices yer square foot, in this and following parsgeieha are pers 
Koot-area, counting wi ol tne taces anes ea inamewnet Py Ride | 





‘Unit Costs of Recent Buildings 1536 


# of Actual Cost of Buildings per Cubic Foot 


Ate the subject further, a few examples of recently erected 
«The lists were furnished through the courtesy of the 
dings. Such lists could be indefinitely extended, but those 
red sufficient to give some idea of the similarities and 
based upon cubage. With the exception of reinforced 
it ts probably true that for the past twenty or twenty- 
1928) the cost of buildings has increased, with some varia- 
increase, at the rate of about 1% per year. 


5 of the Actual Cost of Buildings per Cuble Foot 
xe buildings were designed by oring & Tilton 


a leant 


| | Approx. [Cost pew} 
of building) Date Height and type | imate | cubic 
a conts 





fene Insti- | 1500 | Three stories and base- | $150.90] 36 
Ma | ment, fire-proof j 
| Library, | ago8 | Ono story and basement.) Ssoc0 | 47 
nno-tire-proo 
( School, | 1908 | Two stories and base | soos | ts 
ment, non-fire-proo! 
Six stories and basement,| 275.000 | 29 
fire-proof 








4, 87th St 
\we., New 





"s Friend | 1909 | Five stories and base: | a00000| 32 





| Went Sta., ment, fire-proof 
Branch | 1g06-] Six stories and tase- | 255,000 | 27 
Myn,N-Y. | 1909 | ment, fire-proof 
al. ‘Tarry- | 1910 | Two stories and tase | éscco| 26 
| ment, nonefive-proct 
tatingdon, | 1969 | Three stories and tase | go 000 Ed 
] | _ ment, fire-proot 
BHimabeth, | ror2 | Three stories and base- | 100.000 | as 
| ment, fire-proaf 
Y Soring- | 1908 | Two stories, mezzanine | 350000] 3s 


| and basement, firo-proo!| 
#7, Sioux | 1912 | ‘Two stories and base- | 75 e00 | anl4 
ment, non-fire-groof 
New York | 1912 | Twelve stories and base | aso000] 45 














| iment, fire-proof 
{mmigrant | 1898 Two stories und base | Gas cco] 17i4 
land, New ment, fire-proot 
fain build- 
1898 | Three stories and baw. | 150 000 |. 
ment, fireproof 
k College, | 1912 | Three stories and base- | 2g0000| a2 
ment, fire-proof 


pe RS TREY theses Ashe AT OE a Me 





Hegmivage Hotel, New 


‘ark City. 


Cost of Some Notable Buildings in New i 
prominent buildings in the Borough of Manbatten, Cy. 
cluded in the following table. Por all these structures the permits 9 
in 1911. By reason of its height the Wostworth By y he 
the most notable of the list. Tt is not only" 
City of the United States, but in the world. ‘The eub 
12 c60 000 cu ft. Its foundations are curried to Fo 
below the street-surface. 
tons. 
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Division of Cost of Fire-Proof Buildings 1539 


# ls without plumbing, power, heat, light, or clevators. ‘The 
jot per syuare foot for this building is due to the fact that the 
iakes up a considerable portion of the building, so that @ floor 
e the crane is placed, and the foor-area accordingly reduiced. 
(building for the Avrowoane Cun of Philadelphia, ‘This is 
bilding, of reinforced-concrete cage-construction, and contains 
At a Cost of 1036 cts per cu ft. ‘The total floor-area is 90 603 
$4 pee sqft. This is without power, heat, light, or any equip= 
des plumbing. The shape of this building fayors economy of 
At is nearly square In plan.” 

tp the conclusions arrived at in regard to the average costs of 
ings, E. G. Perrot states * that the cost can best be considered 
jem under three general heads: 

sand manufactorics, Cost, from 8 to rx cts per cu ft. 
Tloft-buildings. Cost, from 11 to r7 cts per cu ft. 

fous buildings, such as school-houses, hospitals, ete. Cost from 
cu ft. 


ls and Factories Built on the Slow-Burning Principle. 
to total and unit costs of buildings of this type, see Chapter 
10 Bio. 











{ Cost of items of Construction in Fire-Proof Buildings 


om the following six pages show, on pages 1540 to 1545, the 
costs of fireproof buildings among the different materials and 
struction, the data having been furnished the compiler by 
tiilders in the cities mentioned in the tables, Each column of 
Hes gives the data for an individual building, except the values 
ity, in the second, third and fifth columns, which show the 
Arge number of buildings. ‘The tables on the first four pages 
dlugs approximating closely the standard specifications of the 
lof Fire Underwriters. The tables show that the foundations 

the only parts litthe damaged in conflagrations, represent, 
Diy a5% of the entice sound value of a bullding. For example 
ithe first four pages, the average cost of all the foundations is 
jerage cost of the steel frames is 17.88%. The tables show, 
4 and 1545 the percentages of cost of the classified Items of 
fight buildings damaged by the Baltimore conflagration (1go4), 
hese eight buildings being given in the last column. 


htive Coats of Reinforced Concrete Buiklings,” by B. G, Perrot, ia 
National Amocistion of Cement Users, Vol. V, 1999. 

the fint four pages were compiled by P. J. T. Stewart. Continental 
jy, and those on the last two pages by the Baltimore Committee of 
\Lof Fire Underwriters, All are reproduced, by permission, frou J. 
|vention and Fire Protection. ‘Those parts of the Baltimore tables 
portion of fire-damage to sound value of the Various items have been 
jiele of tbe Pocket-Hook deals more especially with original coxte. 
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Painting and varnishi 
‘Bhecteie wiring. ... 












‘The Chicago post-office building, containing 12 600 600 os I ant) 
‘mental character and finish, cost, in some of its items, as follawss 









Steel framing, «0.00... 
Granite and masonry. 
Fire-proof floors. .... 
Plaster, plain and orma- 





Cost of Buildings per Square Foot 1547 


Cost of Buildings per Square Foot 
Idings of Large Area, such as exposition-bulldings, etc, 
almost ax accurately by the square foot of ground covered as 
building, as there are few or no interior partitions, and usti- 
winterior finish. 

Buildings. ‘Roughly speaking, the cost of one-story iron 
s complete, 4s, for sheds and storage-houses, from 40 to 60 cts 
1, and for such buildings as machine-shops, foundries, and 
, that are provided with traveling cranes, the cost is from 60 
of ground covered.” * 
1. Forestimates of cost of structural steel for buildings, 
$27. 
rick Mills and Warehouses. Sec Chapter XXII, pages 


(dings. The cost { of the World's Fair buildings (Chicago, 
ot of ground covered, including sculpture and decoration, 


and Liberal Arts Building... . . 








wilding. ... 
1 Building 
Building 





ling. . ve vinwee svete 
ures for the St. Louis Exposition (1904). The following 
by Isaac S. Taylor, at that time Director of Works, of the 

















a Dimensions, | Area, | gota cost | Cty 
ft acres 
16X46 1g} 
(each, | tauxeas sq }) $7 835.90) Bs.4s 
Pe | robxts0 Oat | 39 388.99) Ba 
ling. | 220X736 3.86 | gahgSo.00] 2.23 
ries 196% 136 B42 | 45cc0.00) 2.48 
orey | sasx750 9.8 | 48S AWB.s0) 4.34 
{ | S25X350 3. | 471 830.95] 1.20 
fiat Reonomy..| sa5X7s8 7.79 | 323 9s0.75) o.ft 
$5X1 200 sat | 7Isi0.00) 4.5 
S3SX78 6.67 | 4ebss.s7) Toy 
Sa5XK1 200 roak | pogci7 96) tan 
5a5X1 000 9.48 | soy tt0.s] oT 
(uel IX 2.25 | 135 480.00] 18 
t 25X19 15.70 | 674 853.42] 0.99 
Pista sa | 2s3e.2 O77 
t 20% Goo S| sate] ot 
(Game. 2X 600 aor | 1688.38 0.98 | 
{ | :95im dine | 1 
109 | ars 8yp.00) | 








1 Gives by E. C, Shankland, chief engineer, 








Cost of Government Buildings 1849 


a to supply-centers, distance from railroads, and facilities for 
oe 


1 Unit Costs of Identical Buildings in Different Localities 
pare the casts of identical buildings, with alleht modification 
‘ing are given as cxamples, to show the variance tn different 


tollice buildings at 
‘nd Burlington, N. J. 
Main building, two storics and basement; rear projection, one 
ot; non-lire-prool construction throughout; brick facing: sone 
fornice; slate-coered gable roof, with dormers over two-story 
4 composition roof over oné-story portion, 





enada, Miss., Bennettsville, $. C, Cov- 











Area and contents 


anit ohsidie, os dpa 3aes sq ft 
Hane qu ft 











Now-ireproot | Miest floor, 








fire-procl 
= oe 
= fo. four 
in. oats oma 
he | eet 9 
i, 0383 ome 








office buildings at Winchester, Tenn, McPherson, Kan, and 
Main bullding, two stories; rear projection, one\stary;. partly 
ment; non-fire-proof construction throughout; brick facings 
‘den cornice and pilasters at front entrance: slate-covered gable 
(8 ver two-story portion, and fat, composition tool over Une 





Area and cantenss 


1435 sqft 

~ ar 138 210 ca ft 
Rate per onbig foot 
— | First Rose, 
Lecation Non-fire-prool | repat 

= haw 3 
ied os |) ease 
Rida 07 drsocanes sais oa | 9.39 





Type 4. Post-office buildings at Garden City, Kan, and Lake 
{identical buildings). 

Description. One-story-and-basement, brick-faced 
table course and trimmings and ornamental terra-cotta 
Lerten t non-fire-proof construction, 
rool. 


Garden City, Kam 
Lake City, Minn. 


‘Types. Post-office buildings at Abilene, eres! 
Description. One story and basement; stone 
tin roof; fire-proof construction, except roof. 





Ground-area... 
Cubical contents. 


Abilene, Kan, .........+. 
Bellefontaine, Ohio, . 
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(office building at New Rochelle, N. ¥. 

Seription. This building is of an irregular plan; two-story and basement; 
F pavilion; sides and rear one-story and basement; clearstory over work- 
3 stone facing to first-floor level; brick facing above this point, with terra- 
{trim and cornice; composition roof; fire-proof construction. 


Grount-area... 
Cubical contents. 





Rato per cubic foot, . 





fice tuilding at Mobile, Ala, 

iption. Front portion, two stories, and rear portion, one story over 
room. Only a small portion of basement excavated for heating-plant. 
& building faced with limestone and rear second story portion with orna~ 
(Gal torra-cotta. Fire-proof construction; long and short spans, and con 
G joists with terra-cotta fillers; copper deck and Spanish-tile roofs. 


| = 
|) ] Cubical contents. 
| Rate per cubic foot. 














© building at Muskogee, Okla. 
Ses A. four-story-and-basement building: Granite to the first- 
Hine, stone-taced above (except in interior court, which is brick); terra- 
feresting at rool; copper rooting and fire-proof construction. throughout. 
Standard types of concrete and terra-cotta floor-construction, Mont 
(fal fn design. Corinthian colonnade at entrance. Eight heavy bronze 
Bestandards. Six flights of marble stairs. Entire lobby of marble, and 
Wornamental plaster-work in lobby and court-room, 





Ground-ares. 20 400 5q ft 
‘Cubical contents, 1396 612 cu Ie 
Rate per cubic foot fos 





fost-office building at New Bedford, Mass. 
fiption. One story, basement and mezzanine with clearst 











teal portion; granite facing, except clearstory, which is faced with torra- 
fe main roof of composition; clearstory reof of copper; fireproof con 
Groundarea | ar T9080 fe 
Cubical contents 5 080 Goo cu fe 
Rate per cubic foot fo.323 





{oat-allice bullding at Newark, Ohio. 
Jeseripeion. Two-story, basement and unfinished attic. ‘The workroom ex 
Js through two stories, Offices in second story over balance of building. 
proof construction throughout, Terra-cotta floors, ceilings, roofs, parti- 
& furring, otc. Exterior faced with pink granite to the first-floor level and 
§ white marble above, including cornice, parapet, ete. Flat tin roof bronze 
jes at first and second-story windows on front of building. Cast-iron grilles 
Giest-story and basement-windows on sides and rear; bronzefaced post- 
je ncreens, desks, revolving doors, vestibules, etc., and drawn-bronee covered 
window-frames, doors, etc, in lobby. Cacn-stone cornice 
fea heb Bewnse sod marble stairs to second story, lS 











Cost of Government Buildings 1553 


€ of districts, the Mississippl Valley district is intended to 
States us far cast as Ohio and Pennsylvania, and the states, 
(og on the western bauk of the Mississippi River. This is 
ft of the country in which the rower rRices have been ob+ 
ir districts represent the approximate greater cost for buildings 
Mississippi Valley o¢ Middle States, and is intended to repre 
NCE EN cost AT Amy tin; but is aot intended to represent 
‘ost at different periods. 
| Variation in Cost of Buildings of Identical Area and 
following notes are taken from photographs of drawings and 
f them.* The drawings were for a Post-(tfice build- 
iq Wie. This building contains 4770 sq ft of growsd-arei, 
bntents are x47 syo cu ft. ‘The contract was awarded (rps) 
the rate of $2308 per cu ft. It is a one-story-and-basement 
ith brick, with stone water-table, brick parapet and tin aed 
‘The first floor, only, is fire-proot. Proposals were opened 
Office building at Uvalde, Tee This building, except for 
fications, is as nearly like the Menomonie building as it 1 
it without using the same drawings. ‘The ground-ares of the 
(4.672 #q ft and the cubical contents, rst 87s cu ft. ‘The work 
(the approaches is practically the same as that at Menomonid, 
had been erected in the sume town, it does not appear that 
p been any difference in the costs, but the lowest. proposal 
‘valde building was $56 402, of at the rate of fos7n parcu ft. 
the amounts for these two buildings further illustrates the 
ty universal application of the cubic-foot rate in determining 
ings, and also shows that the difference in cost of constriction 
ferent sections of the country varies considerably. 
: Foot of Some Important Federal Buildings. The follow 
htain additional unit costs and other data for public buildings. 


Cubic Foot of Some of the Larger Public Buildings 











| Coat per 
Location and building bic foot, 





» Custor-House (completed 1pet). 
Post-Office, Custom-House and Court Hause 
New PostOffice and Court-House (sompleted 











W Mint (eompleted 1908)... occ.ssusey.cesenv ene 
ah, Subtroasury Building (estimated)... 
hew Custorn-House (completed 1908)... 
ty Senate Offico-Building 
Ttah, Post-Office (completed 1995)... 

. new Poat-Office (completed 1926). asl 
{Hew Mint completed 1001), 
ational Museurn Building. 
Agricultural Buildings (portions completed). 
f, House Office- Building 














seoasasherea ax |G 





phe of plans, elevations and sactions, together with many others, idl 
fhations tnd data, were furnished the editor by J. W. Gander, Seper= 
eg Division, Office of the Supervising Architect, by permisilon 


ing Archiveet, aad have been ‘asshgance 
favo the costs Of budding. "* BR OF reat 
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—_--- 
Brick 
Frame Brick store 
dweling | Prame store 
dwelling | (cningie rool) (shingle roof) 
building | Depre- | | Depre |... | Depres Depre- 
Aver cation | AYE") ciation | A¥®"| elation | AY) ciation 
Be pee | SE | por He | mee) ties | Pe 
jie snaum| fe |onnum) “* |annum| “© | annum 
years| | years} _%@ _| yenrs} years|_% 
| om | 6 | 
2» 5 » las | 6 » a“ 
s | 2 Tia jos | ao 6 | 6 
7 | | 5 | 2 6 | 6 
6) 6 | 6} 6 | 6) 6 | | 6 
4} a | | 2% | xe | aid | 40 | me 
~) ws |. 3 [aA oe Rae 
w]e [so | 2 | ae | a] so | 2 
xis jaols fo} # | o}) 6 
Fad mie aM) as 4 wo a 
» w]e) a) as ‘ rim 
we | a] | ase] | s | 2) s 
we | ae | a] a | we | 34] | ab 
we | a] a | as | | 3 | 30 | OK 
xo] s |=] s |u| s | els 
2] s |e] s |] s | at s 
| 6 | w] 6 | 6] 6 | 6) 6 
|e fae low} as} a |e] ae 
fumter,| | 2 | 7s | a | 40 | a | | 























fet Fepresent the averages deduced from the replies made by eighty 
‘ent builders unconnected with fire-dnsurance companies in twenty 
tad towns of the eleven Western States. 


$ QUANTITY SYSTEM OF ESTIMATING* 


n of the System. The qvanrrry svsreat is not, as some persons 
id, merely the taking off of a list of items by one person for some 
use. It means tho careful measurement by a disinterested expert 
ined in this kind of work, that is, a QUANTIFY SURVEYOR, This 
jeeeds in a manner different from that of the average contractor. 
‘ertain recognized rules in taking off quantitfes, abstracting and 
{view to climinating errors. ‘He uses also certain uniform standards 
ents and expressions. His checking and rechecking methods to 
ky must be studied to be appreciated by those to whom the quan- 
unknown. A record is made of every item, however small, hav- 
*yalue. ‘These items are classified and arranged, each under its 
‘of department, in methodical order, Guess-work methods are 
the quantity surveyor, while his accuracy and attention te eren 


{ity system of estimating has been systematically advocated slace r#9r, 
fl nuuch attention among contractors, architects and engincers as & direct 
‘ng-cantinued activity of those who recommend it. En course of time this 
nating must be adopted, as it stands for a square deal between owner and 
‘he movertient ff ald of this work i purely a voluntary one, an heoest 
tbeat 2 betterment of the existing corfitions in estimating and contescting. 
tena sear be ttsiont fom G. A. Wrisht, 454 Pine Steet San B 

the paesent asorecseat £0 lutratoce the systess in the United States, 
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lng absorbed in overhead charges, which, of course, are ulti 
owner, 

sputes arising from extra claims which are often made because 
Uthe drawings, and of omissions or other errors in the specifi. 


tunities for the careful, competent bidder. With the quan- 
idders all work up from the same basis. The incompetent 
it oF forget items, and so take work away from more careful 
t bidders. 

and greater harmony, for the reason that if no part of the 
bere is less temptation to that letting up on the work which 
dissatisfaction, if not in frictlon or worse. 

indings are reduced to a ralnmom. ‘The bill of quantities ix 
what is intended, a sort of clearing-house for the drawings and 


ty to the contract Gin obtain any advantage over the other on 
ation of work, 


(with subbidders, it being clearly stated what cach trade is 


‘s havirig much less figuring to do can devote more time and 
f tobulldings in hand, and especially to supervising and direct- 
tetorg, « condition much desired at present. 

ty of owners and architects to have inferior contractors as the 


ws which are usually a trouble to all concerned. Should 
‘ever, they can be more easily adjusted if the schedule prices 
hse. 


fet or engineer, if he # desires, has tho advantage of collab- 
professional quantity surveyor, who is available, also, when 
fare required. This Information Is now often furnished by 
{us creating an undesirable obligation, 

‘or reorganizing of architects’ or eneincers' affices fs necessary, 
ork, now involved in the taking aff of figures, would be taken 
ity surveyor's oflice, 

sontracts are signed, the drawings and specifications will have 
jade as complete us possible, thereby ayolding subsequent 
he contractor and his foreman on the jab, and largely doing 
‘5 at the architect's offices by contractors during the progress 





American Practice. In the United States any such, system 
merican needs and sentiment, and be a practical system, . For 

guld be undesirable to accept the English practice in either of 

feat principles it stands for, however, can be accepted and 
advantage. 


AND DATA USEFUL IN THE PREPARA- 
OF ARCHITECTS’ DRAWINGS AND 
SPECIFICATIONS* 


© Ferniture. For the convenience of draughtsmen why 
fer providing space for a special article the following ‘dimen 


Brénaal tables with evore detailecd acd classited lives, 


Seatac Ae enacted to the Ameiva Architect of No- 








Dimensions of Tables and Chairs 1559 


hile some of these measurements vary slightly from the dimen= 
the preceding paragraphs they represent average dimensions of 
lade at the present time. 


Dimensions of Tables 











[nd of tbe | Length | Width | Hoight | Rematles 
x a 29 
8 18 » 
P 2 » 
2 20 % 
4 2 ae 
@ 6 x» 
54 4 » 
st * * 
a 7 2 
54 u 9 
6 #6 2 
3 1s 2 
a 6 m 
a " 29 
» % a8 








sare in Inches. Heights are from the oor. 
Dimensions of Chairs 


Seat-width, | Back Arms, 
| Depth. 















































chair | Height ——__— aa 
Front | Back Height | Slope | floor 

lites 6 | 6 | 13 u 

Ohair®...) 20 | 14 | 2 n 

t 7 | 9 | 35 4 
on | a | WY 2 
ee ee B ey Pe 
ao | ay | ss | 24) 26K 
2) 9 | 7 rh Reis (PE 
y | 9 | 9 wy] m4] 
® 20 is wo 2 |isne 
7 a | 8 so | os | a 
v7 7 5 a OM | * 
a | al 7 uy} oa | oa 
x6) a4 | s08t % | 4 | ash 
mu |im | x » # 
sh | 264) mi ula Ps 
w | om | ss ¥ ie 
» | © es eet, 
3 | ot | B | aI etare 
6 | a] 2M] oh) « 2 | 
ws | a | | wm | ay] o | mM 
aM} mel ow} as | we [oo | dive 
a m | sii | # Blass 

Fin above floor. 1 Overstutfed. T French cane seat and back. 


fmand beck. 9 Upbobtered seat. $ Depth dnside. 
tacehn isches. Hesehes are feos the Boor. The shope of the back is meas 
Weta acpandtols: fheveg the Agiet pater dothee. 


































All dimetsions are t inches. telghts are from the Goor, The a 
‘meanured nt the seat-level to a perpendicular theowghs the highest peil 





Kind of case-worle 


Breas. 
Bureau, 
Bureas 
Bureas f 
Bookbeeper's deste 
Bookkeeper'a deak, 
Chiffonice 
Chiffonier 
Cheval-glass..., 
Commode 
Sideboard. f 
Wardrobe. 
Mardrobo 


Al dimensions ure ia tnghes. bere ler aan oo "The shows 
ured st the seat-level to a perpendicular throug the Bighest (ria of 









SFansastsrace 















Kind of bet 


Single bed 
Single bed 
Double bed 
Doutile bed. 


All dimensions are in inches, Heights are tram the Aloo, 














Dimensions of Plumbing-Fixtures, Enameled-Iron Bath 
shes Gor telloken Teale with Saran, eee wees, peasipter| 
5¥4 (and 6 ft WAN over 8, \rom ape sa <—S 
trom es to 29 cle, “Te Se 
‘vam Live shorn ene ah 


Dimensions of Plumbing-Fixtures 1561 


i Crockery basing, to go with marble slabs, are made round 
ound bowls are made 10, 12, 13, 14 and 16 in in diam, measured 
[eof the rim. Oval bowls, 14 by 17 in, 13 by 19 in and 16 by an 
ied t4q-i9 Found, and 1g by 19-in oval, are commonly used. 

(g-Slabs may be 20 by 24 In, 20 by go fn, 22 by 28 in, or 24 by son, 
a very common size. ‘They can be made any sizt, toorder. They 
im thick, countersunk on top, and should have molded edges where 


fs aro commonly made 2x by 2 in and aq by 24 in, “Marble backs 
br to in high, and sometimes 12 in, 

ron Wash-Basins or Lavatories made in one piece: common sizes 
to, 1 by 14-in basin; 18 by arin, 11 by tg in basin; 18 by 2g in, 
‘asin back, 1054 in high. ‘The smallest-alzed washsbasln is #3 in 
he 

na, 12} hy 124 in, 12-in round basin; as by 1g im ax by xin 
Gin, x4 by t4-in basin: 19 by ay in, a4 by as-in basin, “The stand- 
wash-basins is a ft 6 in from the floor. 

examicled iron, rolltim, are 22} by 19 in width, induding 
tin; height x7 in; depth toside, 11 ia. 

enameled iron, average about 32 in long over fittings, and a7 in 











Hts, ‘The dimensions of waterdoset bowls vary considerably, 
being about an average: width of bowl omer all. a3 inn; depth from 
wiseat, 23 in; height from floor to seat, 17 io; width of seat, from 
Closets with low-down tanks measure about 38 in (rom frowt of 
‘The distance from center of outlet-opening to the walls, or the 
dimensions, are given in manufacturecs’ catalogues, as they wary 
closets, The smallest space permissible for water-closct compart- 
doors open out, is 2 ft 4 in by 4 ft, If the doors open in, the ccm- 
Ud bes by s tt 
tes, used in schools and factories, are made 24, 27 and Jo la, 
iter of partitions. For graded schools, 24 in is ample, and for 
i. The range usually occupies a space 28 in in depth, if set against 





should be from,24 to 27 in, center to center of partitions; depth 
po.or 22 in; of ends, 2 {t; af bottom slab, 2 ft; height of partitions, 
to 5 ft Gin 

(kp of cast iron are made in a great variety of, sizes, those most 
ld being 6 by 24 fo, 18 by gon, 18 by 56 in, 90 by 50 in and 20 by 
in is the largest size for onameled sinks. The depth inside, for 
(,is64n. Plain cast-iron sinks are made as Jarge as 32 by 56 in, or 
Steel sisiks are made in all of the above slzes up to 20 by 4o In. 
[pkes, Common sites of porcelain sinks are 20 by 
fu. 

lop-Sinks, common 
fn; 12 in deep. 
fry-Sinks. Common sles are 12 by 13 in, x4 by 20 in and 36 by 








in, 2) by 96 in 








nes, are 16 by 16 in, 16 by 20 fn, 18 by 22 in 





eof slete of seapstone are commwocly made 2 (t wide over 
Lengths over all, two-part tubs, 4 ftand 4t 6 in; 7“ 








Dimensions of Bowling-Alleys 1563 


shes vary from 14 to 16 ft in height and from ro to x1 ft in 
p admit cars should give at least 12 in clearance on each side, 
dd 

(Cars are about § ft 6 in wide for the car proper, and the steps 
n, Height from track to top of coach, 12 ft 6 in; the trolley- 
her. The length varies, up to 42 ft. Trucks for a 4x {t 6 in 
ftapart. Wheel-bases, 4 ft center to center. Radids of short- 
ver, Colo., 45 ft to midway between mails. “The cavor of a rail- 
distance between the inner sides of the heads of the two tails, 
ROAD GAUGE is 4 ft 844 in; standard NaRow Gaver, 3 ft 3} in. 
Preight-Cars. Car-Loads. The capacity of freight-cars, and 
loads, vary so greatly that no accurate general information 
for heavy freight, 25 tons is an average load; for light freight, 
ins; for household goods, 10 tons is about the minimum; for 
about a minimum load; for cement, 20 tons. The minimam 
{a carload rates, varies with different roads, and also with the 
w ate is usually made on the basis of a big load. ‘Thirty tons 
heavy freight, and 40 tons is about the maximum, except for 






( Dimensions. Horse-Stalls, Width, from 3 ft 10 in to 4 ft 
ver; length, 9 ft. The width should never be between 4 ft and 
lable to cast himself, 

Standard Bowling-Alleys.* For ON PAtR OF ALLEYS: Room 
yer all; 11 ft 6 In wide, 6o ft from foubline to head pin, ft 
bf alley, 4 ft for pin-pit, 8 in deep In front, 6 in in back; alleys, 
f should extend on and beyond the foul-line r2 ft, and then 
¢ 4 16-[t approach to the foul-line for the player to run to deliver 
fe Atuev: Same length, 83 ft; width, 6 {ts in; closer dimen- 
|, gutters 9 in, division-pieces 2% in, ball-roturn 934 in, 








In la 
Uhreturn..... 9M ONE PAROP ALLEYS: Ball-return 9% 
ie 34 First-division piece........0 

9 Gutter. f 
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2% Second-livision piece. 
6f3kin= 73% 6ft 3M fo = 756 
of the nat or aLtrys, should be added 
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ym should be provided for the bowlers and spectators as these 
‘or the alleys only 


| Drawings for Patents (United States). 10 by 15 in, with 
tnstiche lf arcu. 


hed by Tike Brourwick- Baite-Collencker Company, New York City, 








Dimensions of School-Purniture 1505, 
Sizes of Seats and Desks for Schools and Academies * 
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two scholars ate y [t 10 in long, and for a single scholar, 9 ft long. 
from 2 ft to 2 ft 4 in wide, according to age of scholars and size of rooms 


Additional Dataf on School-Houses 

Rooms. The Department of Education, New York City, haa adopted, 
fiensions of the schoolrooms, the German standard of 22 by yo ft 
{tin height, with unilateral lighting. ‘These dimensions are used for 
bf elementary schools, the sittiogs being on the basis of x} 9 ft Of 
per pupil, Good light cannot be had on desks which are placed mt & 
tance from the windows than one and one-balf times the height of the 
pper sash from the floor. 

ees of Seats and Desks for Elementary end High Schools 








i |Space§ occupied 
Fol | Age of schotsr | Height $ of seat teiche $ of deste] bx desk and 








or choir seat (back to 
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ide. For first and second-year scholars the chalk-rail is placed 3 ft 
or, and the boards are 4 ft high. ‘This allows the smaller children 





iter, In previous editions. 
(eta compiled by ELS. Hand from notes furnished by C. B, J, Saydler, Supers 
| School Buildings, New York City 

are measured as follows: From the floor te the top of ink-well stripe of 
rom floor te top af front edge of seats, and should sot vary mere than $¢ in 
lights given in this table, 
Ve a minimum wilt of 13 fo Kir the Sewer gxades and 21 in het the upper 


Ver mame tie civtance cout be Locroased! from £14 to 2 in, 
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Number of treads or risers 


Story-height or horizontal length of rum 
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‘Table of Treads and Risers 
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Sash-Cords 1569 


tds." Until a few years apo, linen or cotton cord only was wed for 
weights with the sashes of double-hung windows, and cord is still 
lively used than cither ribbons ot chains, For windows of ordinary 
braid of cord will wear for « long time, and this material will peal 
be entirely displaced by metal. ‘Tests made at the Massachusetts 
‘Technology: show that cords wear much longer than chains, though 
tetensile strength. Cords should be smooth and round, so that each 
bits part of the stress, and well glazed, so that they have a smooth 
(consequently loss wear (rom friction with the wheel of the pulley. 
found that cord can be braided too bard for durability, yet if it ts 
8 to be very dlexible it may be so soft chat ét will stretch and cause 
enon by permitting the weight t» hit the bottom of the weight-box, 
ot however, should always specify the particular meaxo and size 
te used, and also the diameter of the pulley. Among the leading 
b-cord at present are the Samson Spot,t and the Silver Lake A.t 
Ie are superior to the ordinary braided cords, which are made frees 
Is to meet the jobbers’ requirements for peice In addition to other 
(nt. qualities, the Samson cord offers an additional advantage that 
Wlappresiate; it has.a colored strand woven through it, which shows 
‘he surface aud thus enables onc to tell at a glance that no other cord 
stituted, The Silver Lake A sash-cord has the name Silver Lake A 
Every foot of cord; but unless the letter A accompanies the nat 
fof cord Is denoted. The marking of the cond by color, of any 
f. dos not alter the quality of the cord. Special marks may be 
iferior cords as well as to the hest. The following numbers should 
for the different weights of aash-weights: 

















Relative Sizes of Sash-Cords, Weights and Pulleys 
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ing sashes weighing over 4o Ib, only the largest dae of Samson or 
‘A cord, or some form of sash-chain or sash-ribbon, should be used, 
bys should be selected to fit the cord or chain. A guneantee that the 
Lat least twenty years may be had from cither of the manufacturers 
tbove.” "The Samson wire-center saxh-cord has recently been pat on 
"This is really a metal sash cord protected hy a braided-cotton siar- 
ets 28.2 noiseless cushion, It is claimed that ft harmonizes with the 
(hand that it has greater durability than ether sish-cords or metal 
eo record of tests made at Massachusetts Institute of Technology, 
‘The standard color is that of dark mubogany, but this cond is 
lee for lange buildings in other colors to match the finish. 
wring ates, relating to. Saah-Conds, Sash-Chains, Sash-Ribtons,  Sash- 


faab- Balances, are condensed and revised fro articles by Professor Thomas: 
Mdder's Building Construction nod Superintendence, Part II, Carpenters’ 











bn by the Semawe Cordace Works, Boston. Mass. 
tl Ap the Sitver Lake Compuay, Bostua, Mass, 
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‘Sash-Cords, Chains and Weights 1671 


Genter, ie in in diam. ‘The chains tested were of two different 
toner, size No. 2, purchased in the open market as typleal bronze 
each recommended by a reputable dealer as the proper chain for 
Lig-lb window-weight. The tests for the better of the two chains are 
{. Durability-tests were made by raising and lowering a as-lls 
ta aim pulley, cach movement corresponding to once opening and 
window. The cord was tested over the regular round grooved 
(atily used for cords, and the chains were tested over the combina- 
pulley usually furnished for sash-chains. For the fire-tests the 
fins were hung through an asbestos box in which a Bunsen dame 
(ure was applied to all alike, the temperature being abeut 2 200° F. 
ight was attached in each case to keep the cord or chain under the 
(a. ‘The wire-center card took about twice as fong to burn through 
bout seventeen times as long as the broaze chain. 





fats on Wire-Center Sash-Cord and Bronze Sash-Chain 








Durability-tests | Pire-tests 

tr of lifts belore trenking Length of time before parting 

a ‘Samson wite- Bironee chain, cy bel 
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‘of Sashes and Glass. In figuring the weights of windows, the 
he glass may be taken at 3% Ib per sq ft for plate glass, 114 Ib for 
hgth glass and « th for single-steength glass. For the weight of the 
by add together the height and width, in feet, of each sash, and mul- 
i for 2h-in sash, by 14 for 1%-in sash and by 114 for rin sash. 
Ss are sufliclently accurate for determining the site of sash-cords 
|. But the weights should be determined by weighing each sash after 
(a8 the weight of the glass varies considerably. 
theWeights. ‘The weights ordinarily used for balancing windows are 
tkrom, in the form of solid cylinders from 13¢ to 244 in in diameter, and 

3 in Jong, with an eye cast in the upper end of each. The lengths 
fhe weights, which are from 2 to 25 Tb. Flat weights, which wewally 
prin the Philadelphia and some other markets, are from 6 to 3434 in 
brto so lb in weight, and from 154 by 14 to 194 by 2) in fn cross 
‘ordering sash-weights the number of pounds of each weight, and 
(aco! herarties fie tomes ropa rd weights will work, should be 
bape mrichies heve recy rowrh ayes for the sash-cords, "There are 
vturers St the Kast why make weights with « patent aye that will 
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Seating-Space in Churches and Theaters’ 1578 


the sashes im the same manner as cords’ when weights are used: 
‘sh-balance in its best orm works very satistactorily, ie will peobably 
'y supplant the weight and axle-pulley for ordinary windows... There 
fadows, however, for which sufficient pocket-room for weights cannot 
‘without spoiling the effect desired or narrowing the glassy as in some 
kar where it is undesirable to break the frame into the brick jamb 
(6 the sash-balance is almost invaluable. For hanging the glass 
pwecases, mish-balances are usually ‘preferable to weights, Sash- 
imaite in both aide and tap-patterns, but the former aro recommended 
re fs room at the'side of the frame for the depth of mortise required. 
fof the sixes usually found In residences, the depth of the sash- 
(sured from the face of the pulley-stile will vary from 3 to 4 in; 
provided for usually by cutting a hole, if necessary, in the masonry 
back of the frame. As sash-balances require only a plank (rane, 
int reduction in the cost of the frame offsets the extra cost of the 
(remodeling old buildings which haye plank frames without weights, 
‘are found to be a geeat convenience, since they can easily be in- 
old frames, An advantage which all spring-balances possess. is 
t most strongly when the sash is down, and so enable one to raise 
Indow more readily than if it were hung with weights; while when 
gp the springs barely suffice to hold it in position, and do not offer 
drawing it down. Of the various sish-balances on the market, the 
1d the Caldwell f are the roost extensively wed, and are undoubtedly 
be Pullman Unit sash-balance has been on the market many yours 
ved satisfactory. ‘These balances are now made with wniform-size 
of the various weights of sash with which they are to be usell, and 
Epossible to have all mortises for the balances cut at the mill, as is 
or the regular cord-pulleys. ‘The Caldwell sashebalance, both top 
(es fs much used by the United States Post Office and Ny Depart- 
|e used also by the leading car-builders. The springs arc made of 
old:rolled terapered-steel wire, a material similar to that used for 
‘The manufacturers guarantes these sash-balances for from ten 
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Space in Churches and Theaters. The minimum spacing for 
fo back, is yo in. , This apacing is fairly comfortable (or occupants, 
Je cramped for persons passing by others into or out af the pews. 
42 in is tobe preferred, and if there is abundance of room, the spac 
made 53 in. Anything over 35 in is a waste of room, A space of 
length of the pew is considered a Sirrixe.$ 

‘Theater-Chairs are made vg, and 22 in wile, center to center 
arranging them in rows where the aisles converge, the ondé are 
Uline on the aisles by using a few chairs that. are cither narrower or 
the standard width. For churches, a standard width of 20 in is 
lis desirablo, For theaters, 2t or 22-in chairs are commonly wed 
Set, 20 OF ar-in in the dress-circle, and 20 and r9-in in baloony and 
oa thee te no accepted rale in this respect. On account of the 
‘opera or theater-chairs may be comfortably spaced yx in, back to 
hhis & the usual spacing in halls and churches. In theaters the 
fuially set.on steps. in the wpper galley these steps should not be 
lo im wide; in the balcony they are usually made either yo or gy in 



























ane Br the Pistons Maoulactaring Company, Rochester, N.Y. 
bent dy the Coltwel! Mawatecturing Company, Rochester, No. 
Hoes of pewbadios sce pase 48 of Ciurcies aod Chapets, by PB. Kidder 








Seating Capacity of New York ‘Theaters 1575 
Seating Capacity of New York Theaters (rpr4) 




















‘mensions of Theaters and Opera-Houses si? 


ensions of Some Theaters and Opera-Houses ™* 
bow 
the dimensions, in feet, of some of the eartler theaters in this country 
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\ter-Dimensions,1} ‘The utmost distance from the front of 
‘ar ought not to exceed 75 ft, or the limit the yoice Is capable 
Iateral direction,” 

{i the curtain-tine, the San Carlo Theater in Naples ts 73 It; the 


din or back tive of proscenium openiag. 

stage to center of ceiling. 

gn” or rigging Soft, 

tn vba. 

sd to 40 by ao tt. 

tia theater Is in the shape of « horseshoe, 

th table of Seating Capacities of Churches, Theaters, ete, page 1574, 
lating to recently constructed buildings of Ubese types. 

tnlng aad Conntrection of Amenricse Theaters, by Wm. H. Birkalire, 
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| Elevator-Service in Buildings 1579 


| ELEVATOR-SERVICE IN BUILDINGS* 


tral Considerations. An efficient clevator-service may be obtalned hy 
sof any one of several types, the choice af the one decided upon for any 
g depending upon varying conditions. The following is a general classi- 
[iteirsine (Gee, also, page 1388): 


[ydrautic elevators: 

i {) Vertical, geared hydraulic type. 

[{@) Horizontal, geared hydeaulle type. 

|G) Dicect-tit plunger-type, 

\(@) Tnvested (high pressure) plunger-type. 
elevators: 

ig Drum-type. 

\f2) Worm-gear traction-type. 

(OG) Helica-rear type. 

(4) Gearless, tractiontype. 

| (a) Direct-drive (one-to-one) type. 

| {b) Two-to-one type. 


[dition to these, there are also the neur-ontveN type of elevators, and the 
wer elevators. The belt-driven type may be either siNGLE-mELT or 
bauexr driven, the former being used with a reversible motor and the 
Where driving-power is taken from a line-shaft. In view of varying and 
jes conilicting claims of competing manufacturers, the architect's de- 
Inust be governed by impartial engineering judgment rendered after a 
[study of the problem in each case. 

red Versus Gearless Types of Elevators. (Soe, also, page tx89.) 
bas been much discussion reearding the merits and demerits of geared 
firless machines for elevators and the efficiency and future of each, 
Weturers of gearless traction-machines have claimed that the use of the 
fF, for example, for elevatar-machines, being a relatively recent devel- 
thas not extended over a sufficient length of time to permit of extensive 
(ite data; that they are used for different and tes severe service than 
Je which the gearless traction-machines are employed; and that they can- 
fal the gearless traction-machines from the standpoint of efficiency. Os 
fer hand, the manufacturers of helical gear elevator-machines claim that 
faye been in successful use for many years, the substitution of helical 
br worm-pears being the only difference made in the application to their 
lelevators; that the belical-gear clevaters installed in some of the highest 
Giddings are doing as much work as any gearless traction-machines; amd 
mechanical efficiency of the helical-gear machines is only a little below 
|ithe gearless traction the electrical efficiency under local or ordinary 
feonditions, greater, and the car-mile consumption in kilowatt-hours, less. 
btions of Cost and Efficiency of Etevators. The principal demerit 
Woramachines of the gearless type is their relatively high first cust, ale 
even that is much lower than the initial cost of elevators of the plunger: 
[Phe use of any gear, whether of the helical, worm or spar-type, is, in the 
fof many engincers, to be recommended only for the parpose of obtaining 


[ematter relating to elevators and elevator-service is comdcaséd nnd adapted by 
Qe, frum dats furnished by vatious engineers amt manulacturers, ad owe 
Wels Elerstor Company, New York City, The H. J, Reedy Company, 

Er Balton of The R: P. Doltoa Company, Comdting Engineers, New York, 
hoe a “ Elevator Service”; C. E, Knox, Consulting Engineer, New York; M. Wy 
TGoasulting Engiooer, New York; and others 

















Number and Size of Elevators 1581 


ind Sizes of Elevators. (Ste, also, pages 1593 and 1995.) The 
izes of elevators are governed by the following considerations: (1), 
of the building, (2) the height of the building, (3) the rentable 
time intervals between the departures of cars (5) the number of 
served, (6) the average number and length of stops per trip, (7) 
the elevators and (8) the type of elevators used. No iron-clad 
given for all types of buildings, but the larger office-buildings, 
or light-manufacturing buildings have been suffiently regular 
farrant’ some general rules, based upon experience; even in these 
fj the governing conditions vary with’ the size of the building: 
lost essential requirements for a satisfactory plaut is Quick sea 
first-class office-bulldings the intervals between cars should not 
fonds. ‘The number of stories to be served by a.car should bea 
| Por example, in a fifteen-story building, assuming that stops ane 
of the stories for one passengce each, and allowing 2 69 ftfor cach 
4 sy ft for the operator, the car should have an inside: aren. of 
An order to facilitate unloading and thus increase-the efficiency 
ft bs desirable to have the width of the car greater than the depth, 
fuse, a.car with outside dimensions of about 6.ft wide bye 5 {t deep 
je best results, showing a difference of from 15 to 20% between the 
tb. In specitying the equipment, it is better to call for several 
d cars and a high speed, than for a few large cars of slower specd 
jacities, ‘Thus, three cars, each carrying one-third of all the passen- 
br than two ears, each currying one-half, as the service Is increased 
fe period between cars loss. As the clevator-service largely deter- 
ness. of a building, it is of vital importance that a sufficient number 
fe lmptalled to handle the regular traffic, as well as emergency’-code 
feof a shutdown, To illustrate, what. is considered, the proper 
pasenger-clevators for buildings of various heights, the following 
{based upon a rentable area of 8 coo sq ft per story and x25 aq ft 
"This table shows the various combinations for elevators with a 
490 to so0 ft and of oo ft pee min for buildings of from 10 to 
Wee the ground. 
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Specifications for Elevator-Installation 1583 
(w, except where the plunger-type or traction-type elevator is 


vs Governing Elevator-Installation. ‘The Bureau of Bulli 
W Manhattan, New York City, issued regulations * xoverning, 
1, inspection and operation of ‘all types of elevators, and the 
of all architects is called to theni, as they are not only obligatory: 
cellent guides to practice at all times. The foregoing paragraphs 
give an idea of what the architect-*must consider and provide 
wr the reception of the elevator-apparatua, und what he must 
Jer to enable the manufacturer €0 intelligently design and lay 











ive 
ssigns and Special Apparatus. The specifying of apparatus 
luction is, a8 a rule, not to be recommended. Standard designs 
ius poe x (thy more apt bo be we deena, 
» (2) they are undoubtedly less expensive, both in init 

Vand GD repatrparta may ho ace lly toil lel obtained 





8 for Elevator-Installation. The specifications should include 
( the following classification. 

service and number of elevators of cach service, 

tm load wanted. 

in speed. 

th maximum speed. 

m number of round trips per hour for each elevator. 

of control. Far electric clevators, car-switch control should 
id for passenger-service and for all elevators for a speed over 





ber 
olstways and area of car-platforms. 

fcar-platform in feet, number of car-landings, and mumber of 
(gs at exch landing. 

ised. If electric, direct or alternating carrent, the voltage and, 
he phase of cycles for alternating current should be given, If 
lic, the steam-pressure or electric current characteristics for 
mp-mators or the water-pressure, if the purchaser provides the 
(tanks or other source of water-presure supply. 

elevation showing landings, supports for overhead beams, space 
overhead sheaves, and runbys at top and bottom; a aketeh-plian 
(6 size and shape of hoistways, entrances, position of car and 
weight, quide-rails, and location of space available for machinies, 
y tanks etc, with reference to holstways, 

omnterweight guide-rails, whether of wood of steel. 

for fastening the rails, character of these supports, and where 
‘w located. 

Ginished car or cage, that is, the specified amount to be allowed 
hy, the design being subject to the approval of the architect: 
and sise of ropes, if not left to the judgment of the elevator 
ttor, The largest sheaves possible should always be required, 
[factor determines largely the life of the ropes. 

(signals, that fs, (2) annunciators in the cars with push-buttoms 
landlines, (4) up and Hows signals in the cars, with Ur and Down 
Dat the landings so arranged that u car going up receives only 


Widtiaberd io the Record ave! Guide, July ath, rpxs, 








Gearless Traction-Flevators 1585 


My is interrupted. The brake should be released electrically and 

‘es of speing-peesure. Automatic limits should be pliced ut 

tom of the hoistway, to automatically slew down and stop the 

of teavel, Independently of the operator. 

‘action-Elevatora.* Among the more recent developments of 

lustey is the electric, gearless, triction-eevator (Pigs Land 2). 

6.) The designing of an efficient slow- 

de it practical to build a (raction-machine 

faheave mounted directly upon the arena 
ture-shaft, thus eliminating the use of 
gears to reduce to the desired ear= 
speed. ‘This gearless machine ts used 
for speeds from 2g0 ft per min end 
above, The manufacturers of” this 
type of machine claim that # { the 
outcome of a general tendency toward 
simplicity in design with effidency im 
operation.’ The machines are gener! 
ally located over the hatchway. The 
‘car is supported by cables which lead. 
from the car directly over the driving- 
sheave, with overhead fnstallation, 

then’ partially around the auxilingy 

t 

be 

im 











idler or leading-sheave and again over 
the driving-sheave to the oounter- 
weight. With this armngement a 
complete tury around the driving- 
sheave and. the idleeaheaye Is ob- 
tained, giving sufficient tractive effort 
to drive the car, The machine being 
pileced overhead, the cabler can lead Plt % Reple lor 
directly to the car and counters 240% 
weights; and as this allows the cables 
+ same dircction, it is claimed by the masulacturors: that 
ge and that the life of the cables ts apprecishily lengthened, 
are used for connecti the car and counterweight to 
twisting effort duc to the reaving of the cables; AS son 
Cor counterweight is obstructed, the tension tm the cables is 
wnsequently the tractive effort reduced. This arrangeroest, 
tings either the car o¢ counterweight. to rest and prevents 
its of travel, and imto the overbead beams, showld either 
the buffers at the bottoen of the shaft. Underneath both ar 
hit are placed oil-buffers designed to bring the car of counter 
tbe limits of teavel, from full speed. At the top and bottom 
the car is stopped automatically, by w series off cecteie switelves 
| these switehes is 4» timed that the ear is beought to a smooth 
Ao The alow-speed shant-wotor, with its control makes a flax 
be acceleration and retardatioa etay be arranged. to, suit! tlbe 
Mreqelrements.” For speeds below 450 fl per in, It la the peace 
e show speed by passing the cables areand sheaves mounted i 


valuable date relating to the relative advantages of the bellcal-pear 
ted with thove of Ube tractane-tye, see gaxpers fubllsbed lay the HL J, 
Clncianatl, Ohio, and ethers advocating the geared Machines. dite, 





























car, and closed the gate and door. 
the device for releasing the door-lock is 
is in mothon. “Tulsa a very desiabile 
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y released as the car passes up ot down the hoistway, and a person 
can open the door during the momentary period thal unlocked. 
the gate on the car is omitted; bat ide ko, yess eanepep ah Deas 
(id not be permitted. Elevators of this type are designed for oper- 

lirect current or alternating current, and single or multiples 
igle phase should be avoided, If possible, and before deciding upon 
gurrent, the consent of the electric power company should be ob- 
|: sleer Reraiamas a motor with the heavy inrush of current 





Eaieicos of Hatchway, Platform and Car-Sizes. (See, also, 
In Figs, 3 and 4 are shown some typical elevator layouts for 
(lations, with side and comer-posts and steel construction. (See, 

The clearances shown are for elevators traveling at a speed of 
or more, and may be reduced about 1)4 in for elevators of slower 
‘of the minimum dimensions given with Figs. % aud 4 vary slightly 
ven with Fig. 7 and in Table D, page 1396, but agree in the exsen~ 
ents. 


B, Electric, Passenger-Elevator Systems * 
Development. The object in view in presenting this material ty 
tall the details of elevator-construction or the mechanical features, 
tthe results of a study in connection with the economic division of 
Vators and an efficient clevator-service for the traffic of the modern 
¢ distinct type of office-building. The requirement of such build~ 
¥ ample and adequate clevator-service, not only because the mon~ 
{ the building may otherwise be affected, but in time of necessity, 
te or other panic, the occupants must be readily brought to safety, 
tarly development of the sky-scraper the necessity for a proper 
ice was partly overlooked, and perhaps not altogether realized, for 
older buildings suffer from a lack of traveling-facilitics, resulting 
tnlence to the many occupants. ‘The tenants of the upper stories 
‘obliged to walt on the up trip of the elevator, amd the people occu- 
‘er portion of the building are left behind on the down trip. 
sive Use of Elevators. To fully indicate the extensive ws to 
ator has been adopted for passenger traffic in large cities, the in- 
Borough of Manhattan of New York City Is given. ‘There were 
{10.000 machines in setvice, twice the number that wore in oper- 
, and these were divided among the different classes of buildings 
i as follows: 
devators in office-buildings over ro stories high. 
dewatocs in office-buildings under 10 stories high. 
Herators in loft-buildings, 
evators in residences. 
evators In apartment-houses. 
tlevators in department and other stores, 
devators in hotels, clubs, institutions, etc. 


Sibi feciion Bf thls sitica ‘on Rierstons be by paradalsereeetiaas 
om data omtained in papers by M. W. Ehtlich, consulting encioner, The 
feared in the April, May and June, 1924, imues of Electrical Engineering, 
‘wote published in condensed form ja Lelar, by the Standant Coren 
Section B inchides a tetel outline of clevator-development. some 

aad yore initallation-date, and the paragraphs of this Section 
= to, wnd the data compared, 
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(the first sreau-rnevaTon. This form of drive was soon replaced 
SPAANCE type of hydraulic elevator, which, even though a faster 
(ed to be, in operation, quite dangerous, For a number of years 
ged the distinction of being the only high-speed apparatus wntil 
[the VERTICAL-CYLINDRR HYDBAULEC ELEVATOR, about twenty 
Running-specds as high as 400 it per min were readily attained, 
ft of the case in handling and the safety in operation, these ele 
‘ined favor and were the only types of machines installed in the 
Mngs The electric nmtpr-escunxe made its first appearance |e 
Hing the year 1889, and owing to the merits of this new system, 
lachine soon established itself as a successful competitor with the 
The only obstacle remaining was to overcome the slower 
bis brought out the Sprague LONO-SCREW, ELECERIC ELEVATOR. 
this type provéd quite costly to maintain and operate, but oo 
lel possibilities of speed and high rise, were Installed fa several 
{These different types of elevators helped considerably i the 
‘of the sky-scraper buildings, and as further building projects 
(extension in height, a hitherto unknown cxnditlos of passengers 
ler bad to be met. About the year 1900 the piREeT-AcKING 
RAULIC ELEVATOR was introduced to full this incressing demand 
bigh ise with high speed. ‘The Inherent safety in operation and 
high economy allowed for no doubt #s to the possibilithes of the 
after several years, experience pointed out that the advantanes 
alle plunger-clevator were somewhat limited in certain directions, 
et conditions of a rise not exceeding 150 ft could the character- 
afé and economical plunger-elevator be maintained, 


ind Geared Elevators. (See, also, page 1579.) Recent experi- 
ted to perfect an electric elevator that would meet the growing 
‘of heavy passenger traffic in the newest form of tall office-buidd- 
ldted fn the production of what fs now commercially known as the 
Je GRARLESS TaACHION-ELKVATOR, Among the earliest Ne 
Mf this type of electric elevator may be named those in the Singer 
‘Tower, and later thove in the Mctropolitan Building and Tower, 
ft developments include the Woolworth and the Equitable Bulld- 
jparatus wed in the Municipal Building is. one, in. which, the 
an adaptation of the usual double-wortmand-gear drive between 
igh-speed motor and a cabledrum, a double set of itermeshing 
Ing employed between the two rearshalts. In summarizing, it 
| to mention that the commercial or wsefel life of am elevator and 
mechanisms seldom excecds Silteen years, and that where nermod 
[ireiieted fo, the uncTuIc pki and WORM-GRAR TRACTION Haye 
Wubstituced for the avosaruc rere ko buildings pot excerdlog 
to Hixtéew stories in height; amd that in higher strectures tho 
fon-clevater or Its modification In the form of an clectrit two- 
HON-RURVATOR has boon resorted to, 


Electric and Hydraulic Elevators. (See page ish) Tt 
fy that both the electric and hydenulic types of elevators luave 
A to.a state of high efficiency, and they: may, theeckore, be suse 
Mety,. Of the hydraulic types st smay lee said that the: plengery 
iphorently safer than those which arc mmpended, of than oven the 
Glectric traction-clevaters: bat it cannot be denied that the many 
bd improved aprillances attached to elevators af the various electric 
Mle the hatter ns reliable as hyvimutic machines designed according 
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feral method of comparing recards in business buildings 4 to 
fa mith tbe total naan) locome ot.eental ‘The total epee: 


hs of service. Therefore the annual cost of operating an ele- 
given as a percentage of the gross rentals received, and bs 
fa percentage of the total operating-expenditure of the build- 
Ideration. ‘The average cost in cents per car-mile traversed is 
ther with the average annual cost in dollars to pay for the 
bg and repairing, the necessary power, and the material and 
per single elevator. 
onsiderations. ‘The cfticient operation of an clevator-system 
jogether on the economic division and dixpysition of the cars, as 
lent becomes one of the main factors. It Is self-evident, there- 
tvice of an elevator is limited not only by the different classes of 
ting, riding and leaving the conveyance, but by the experience 
or staxree and his ability to understand the demands of the 
bersonal, peculiarities of the elevator-operators, 
les. It is now common practice to dispatch the various ma- 
Wator-aystem on 2 predetermined time-schedule, thus avoiding 
ht any confusion or overcrowding that would otherwise arise, 
[established that the travel of elevators under consecutive-trip 
lon allows for a highly efficient service, not only in the handling 
(tin the demand for power, which is thereby reduced to a min- 















imi 
Beale of Thwe in Sedona jer Nand Trip 

(0) Operition of a Lenk of elormons 
Recorded Current-consumption of Gearless Traction-clevatoes 


fams. Tho Powx-piAcnaus (Fig..6) point to the effect of 
fer service under different conditions. ‘The upper curve (a) was 
(econditions and represents the operation of ooe elevator, The 
Ne car is approximately equal to the designed machine-batance, 
and down trips, and the number of stops serioene to the 
per mile under actual service in atfice- ‘This diagrams 
to allow for a proper understanding of the combined curve (b),. 
tial soeiod-trip operation of a bank of elevators in one of the New 
 Aulines at ay early-morning bour. The: ful. or solidting 

ie powerdemand dve to ast Incousdsteat SCHEDULE, the 
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tis considered adequate, it is found that the questions of nuinn~ 
(as related to purtprnc-area and ¢levator TRAYFIC-CAPACITY 
hed into a consideration of & proper Unir ame for the elevator, 
@ determination of the MAXOWUM TRAPFIO-CAPACTTY of a pasmenger- 
fence shows that an average welght of 149 Ih may be allowed for 
| and as each aize of car has its corresponding load. at’ the wated 
[load divided by 140 gives the maximum number of passengers am 
fcommodate at Its designed speed. In another simple computa- 
ult, an allowance of 2 #4 fC of car is made foreach passenger, The 
icity of an elevator may be of interest in computing the time te 
¥4 building in case of emergency; but when a car of proper unit 
1, this condition is taken care of. Tests have shown that the 
(bicex THArric of an clevator-system bears a definite relation to 
(the building, and to the maxmuum reaver, the result being that 
brmula (6). 

Elevators. (Sec, also, page 1581.) Modern practice tends to 
NUMBER OF ELEVATORS required for any office-building is really 
\¢ physical aspects and conditions of that building. Wherever it 
ble to use & car of lange area, the number required will certainly 
{that necessary when large cars are used, Tt is not advisable, 
se any conclusions on the number of cars to adequately satisly 
|idon, unless the unir Anca oF rmx cas Is considered, 
Gxprees-Slevators. Another important condideraiiéa is the 
tmon in high-class office-buildings, namely, the proper service of 
(ress-clevators. 

it Elevator-Service. The formulas given below are well sub- 
| give economical service-conditions based on existing systems be 
fof the United States, By these formulas the number of eleva- 
ihe division of service, and their operation may be determined, 


a aw 

a) 
lpisTieo) a ona Th = (a5/s-4+1/10) m (3) 
Tee and Mim 2/7 Tt GQ) 
[60 Te and Ci ars m/t00 Tt (s) 
[eiand pf = yoo/Tt 6) 


in the formulas are: 

ler of elevators required 

e fect of gross building-area served 
at which express-run terminates 
number of storkes served. 

lof elevator, in fet per minute 





a 
traveled per hour by local 

traveled per hour by 

ft consumed per bour by" local, én kilowatt-hours 

nt consumed per hour by express, in kilowatt-hours 
fiers carried per hour by local, one way, up or down 
gers carried per bour by express, one way, wp or down 


1 Table B represent the AVERAGE LOAD AND SPERD-COMMINATIONS 
(htrod buildings, together with the esl Axes OF THE ELEVATOR: 
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bn-Data. In order to facilitate the ready understanding of the 
tulas given, Table C, embodying the computations, l& presented. 
headings Included are numbered in rexpective order from 4 ta ta, 
ixplanation of the items considered will not be confusing. Under 
listed the heights of buildings, with the assumed floor-areas, extend- 
height of the structure, given in column 2, In column 4 are listed 
(Utare feet of car-arca now provided in many buildings of similar 
fod with an adequate service. This is intended as a guide where 
Ations in planning the tuilding have incladed a means of accom~ 
e standard-siced elevators most suitable for that building and where 
tition has been given to the disposition of the cars, But, on the 
ithe values listed may also be used to advantage in proportioning 
of elevators required under any conditions, and where the physi: 
E the building does not allow for an economic dispeaition of the 
Any conservative unit area best suited to the conditions may then 
lor each car, and the number of elevators then determined. Cale 
id 6 give the numbers of cars for various standard unit areas, while 
‘eolumn 7 are computed by Formula (3). 

Wl and Express Round-Trip Time for different running-specds 
blumns & 9, 10 and 11 of Table C, and the value for / as given 
(2) & given in column 12. It will be noticed that in columns 8 
ine occupied in traversing the heights of buildings exceeding cighteco 
htly more than would actually prove economical. It might be well, 
(point out that the speeds of local elevators for high buildings might 
to advantage; but whether the service is local or express, it is not 
exceed a speed-rate of 600 ft per min. In order to rectify this con~ 
F the specds considered, the number of express-clevators must then 
fn half the total number in the system, and a subdivision of express 
tris also necessary. (See, also, Table Showihg Number of Eleva- 
id and notes following, page #581.) 

‘Hatchways and Car-Platforms. (See, alo, page 1581.) The 
vator-car platforms and hatchways of unit areas heretofore con- 











A B 

i %. Typleal Layouts for Elevator-hatchways and Car-plathorms 

‘hewn In. the following diagrams (Fig. 7) illustrating three typical 
idern installations with stecl guide-rails. (See, also, Figs. 3 and 4.) 
door-opening may be either right-hand or left-hand, as best seited 
structural, or other conditions The clear inside dimensions of the 
itchway are given, and also the clearances required between this and 
me of the minimum dimensions gives with Fig. 7 and in Table D 
¢ froma those given with Figs. 3 and 4, page 1986, but agree in the 
juirements, 
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itor, | Tt ts ofter helpful to be informed aa ti the ster oF MOTOR re 
installation, and the diagram (Fig.-8) may be used for this purpose. 
(lustration in the, use of the diagram, & speed of 4oo ft per min 
‘uw combined load of z 500 Ib. Following the tine marked with an 
te speed of 400 ft, the point of intersection is then at 2 soo!b, From 
ow the fine as indicated to the scale of motorsiaes, and the eesult 
Onso-power, 





onsumption. Table B gives the CUuRRENT-CONSERTION of motor 
(fn elevator-praetice. ‘The figures are for direct-current motors 
84 volts and are based on the results of testy. 

teders. To aid in the selection of wellproportioned euecrne 
Hevator-motors, Table F ts given: ‘The figures are for 230-volt, 
machines, 


Wire and Conduit-Sizes for Electric Elevators, 2-Wire, aye-Volt, 
Direct-Current Systems 
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MAIL-CHUTES 


\eseription.. This system of mailing letters by means of « specially 

Shute connected with the recelving-bar at the bottom, Was come 

peral use in public buildings, ofiee-buildings, npartesent-bouses 

hat the restrictions affecting the same and what ls requited In the 

Weathas shoot be Lnown to architects. The system is Installed by 
regulations of the Post-Oifice Departnsent 


governing its 








nd delivered 
itlons a casing of wood, suitably molded and Gnished to match 
fuilding, answers every purpose. Such a casing is shown in plan, 
‘opening finished by the iroa thimble. In buildings, or some- 
(tories, where a more elaborate finish is desired, marble is sub- 
4, the form and construction of the casing being adapted to the 
course without disturbing the size and form of the front surface. 
ised where the use of wood is objected to, or where it is necessary 
in front of an clevator-sereen, or is other locations where a solid 
able to support the casing, Steel square-root angles, 2 by 2 by 
are generally used, and sct as in Fig. 2, but sometimes, where 
fill up the space between them and the elevator-sereen, they ane 
fig. 3, The angles are usually bolted to the beams, and in any 
tightened so that they are without twists or kinks, and the sur- 
ves the mail-chute plumb and flush in all stories, Fig. 4 givos 
f the mail-chute casings and floor-openings ready to receive the 
es. This work of preparing the building, except the cutting or 
le necessary openings in the floors, is now usually included in the 
act, as it has been found for many reasons undesirable to sepa- 
(cessary openings in floors, and all patching around such open- 
included in the mason's or other proper specifications, 
ints to be remembered are (1) that no bends or offsets can be 
fall being absolutely essential, and (2) that the entire apparatus 
| to view and must be accessible, that is, it is not permitted to 
behind an clevator-screen or partition or through any part of 
tpt & public corridor. 


REFRIGERATORS * = 


Birements. The following information is given as m guide to 
hiding for refrigerators in large residences, hotels, clubs, hospltals 
tions. Consultation with « reliable refrigerator-builder, how- 
lesirable before deciding upon spaces to be occupied by refriger- 
bg-rooms, ec, as a satisfactory refrigerator cannot be adapted 
portioned space, (See, also, Design of Refrigerators, under 
Jigeration, page xxx.) 
efrigerators. Care should be taken to select = refrigerator 
{n operation and easily cleansed, as modern sanitary science bas 
ts to faulty refrigeration. Thorough insulation isan important 
fFerator, as upon this depends economy in the wse of Ice and the 
Intaining of the low temperature necessary to the peoper preser- 
Fig. 1 shows a kitchen-refrigerator for use of families of ordi- 
ice-compartment is located in the middle division. ‘The depth 
ore than 3 ft nor less than 2 ft, and the beight may vary free 
‘The length of the front largely determines the capacity ait 
about 4 to7 ft. Fig. 1 shows, also, a most satisfactory method 
| the outside-icing feature which consists of a double outside 
‘ete, with frame and jamb. This is provided by the refriperatoe- 
browsh opening furnished by the owner in the outside wall of 


and the drawings relating to this wehject were furnished the author and 

Redrigerstor Company, Batol, NV. Practical data were furnishes, 
Bathe Coliomser Company, New York City. There are wamer- 
rove refrizceator-work bas the highest reputation. 











Mortuary-Refrigerators, 1003 


‘ugh hali-height doors, hinged covers, deawers, ete, should be 
p-sinilary cement plaiorm finished with ovve to floor of building. 
tors should not be higher than 6 ft 6 in unless provided with aver- 
coil-compartments, in 
height should be from 






(See, also, The Value 
ulation, page 1610.) 
fn modern hotels, clubs, 
fey are insulated with 
tandard corkboard, the 
tors being constructed 

in two courses 

ith all joints 
is applied to adjacent 
flag with Portland 
thick, and this cement 
la applying the inner 
to the outer course in 
yes and ceilings. All 
flooring is _asphaltesl 











(nterior, Guish may bo ~ er evanon 
ment throughout or of Lectin t 
nets on walls and ceil» smusaiieniaiie 


Filan cement on floors, 
wd ceilings may be of 
lain of white plate glass, 
fof tile, all depending 
fe and character of the 
de equipped. The in: 
taller refrigerators con- 
exterior course of Tin 
jreoved lumber, tre 
water-proof insulating: 
() a grim thickness of 
two r)ein courses, all 
token. To this insula- 
the interior lining. 
Refrigerators. Mor- | 
jtets should be cooked & 
| refrigeration, the coils 
Hongitudinally on both 
forteary-trays. Fig. 4 
vortuary-telrigerator for 
This may be used as 
ling mortuary-refrigera- 
capacity, or the height 
ced to 5 ft and the 
In two instead of three 
& Moctuary-refriserators sometines have both fronts finished 
with doses xo tha dextion ave accessible for identification of 
ben Lord fronts 
* The Jewett Refeigerator Coespany, 
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ou.of Rofrigerating-Machines, [1 ulmpat all methods of producing 
filage b taken of the fact that when a fiquid evaporates It usually cools 
aed its murroandings, and chances into a gas or vapor. There are 
hide which ate easily mado to evaporate aad produce this. cooling 
were if nut for thei refrigeration could be very simply produced 
ng a steady stream of the Squid and allowlug the Vapor OF £48 evapo 
Kenpe into the atmosphere. A re(rigerating-maching is practically an 
for saving this gas which has evaporated and returning it to its quid 
fased over again. In this peocess of rec ry and condensation the 
Dat the heat which it has previously absorbed im evaporating. ‘Tike 
Filed away by Sowing water, which, ia absorbing the heat, lien fey 
fe 

bf Refrigerating-Machines. In the (\) couratssoon-rvre of te 
tmaciiers the recovery of the gas fs effected by deawing It away (rom 







































Where it has been evaporated and pumping it usdlet increased pressure 
(mber where it giv vet its heat te the water-cooled walls of the 
(od returns to the Myuid state ready to be used over again, Tn the 
prow-rvvr of relrigerating-machines ammonia i generally used and 
Wy of tthie yas is effocted by brincing i jack with water with 
(ules ally. ‘The sohutlon thus formed ts pumged [nto abotlber 





lod eat ls apgilied to drive off the ammonta-gas which fs then condensed, 





Vormssure. Lt is now ready to be reevaporated and reproduce its cook 
all cases of tary und in all cases of either large or small 
ust-stearn is available ia suilickent quantities, absorption re- 








Hitiachines are very economical 
Weed in Refrigerating Mechines, A oumber of liquids have been 
ifrigorating-machines, the oues conionly employed. belag (a) AM 
Picaneox snoxum and G) sueeawe oioxtor, Varios. pation 
fons deteemine which is to be used ko any particular design of movchine 
Wirostta the advantace is the tower working peossurns, from.4§. to 
fait, which are easy to deal with. An advantage aver carbon dioxide 
keare very casily located Ammomlafenses, however, are offensive 





























limes dangerous in case of a break. With (2) CARnoN pioxtnm the 
iis its inufiensive odor. Its disadvantages are the high pressure at 
orks, from, <r 5, ive didiculey of hokdleg 
utes and aks, owls 0 its slight odor and cheniical 
With (5) svienve peoxane the adv its comparatively low 
fewuare, which Is not above 75 th per s disidvantage bx 
Poolseure it. forms an acid which rags 4 Wie apparaties. At 





Was disadvantage was fatal, since wit pe mactines, air and 
Jere constantly being drawu into cos more ar tess raphy wl 
the sulphur dioxide This difficulty bus recently heen overcome in 
bem types of machines * in which the relrigcrant by hermetically sealest 
blne and chemical activo, therefore, prevested 

Mi Refrigerating-Machioes, A \-T0N REPAIOERARTNGMACIENE It 
Wdch, operated for ay. bors, will atisort the amount of boat which 
Pprould ahworb tn necting 1 epensted a shorter thee 
fest urmcmnt of heat will of course be absorbed. and ia onber to wade. 
fnpeniture-dhoring the perined when the machine ia not running, sane 


(Mirena Redrigersting Mac! coal machtey intendiad foe domestic wses 
Pte A Wt: Fstas-Maov New Yor There are many ether 
fee nice ef nt the ae 





























Description of Refrigerating-Machines wor 


ty be obtained in the refrigerator, since the brine must be 
te ice in order to melt it, and the refrigerator just’ that much 
‘ner than an ice-cooled box. In calculating the proper sizes of 
{ brine, it should be remembered that, usually, the period during 
tine fs shut down cuincides with the period during which the 
‘igeration in the box is the least, The amount of heat to be 
ally only that entering through the insulation, ax the doors are 
(is pat in or removed. 


of Refrigerating-Machiner. As explained in the preceding 
igerating-machines may be divided generally into two elasses, 
istOn-ryee and (2) the ARSORPTION-TYPE. 


wession-Type of Refrigerating-Machines may be subdivided as, 


type of machine, which is made both vertical and horizontal, 
and double-ucting, that is, compressing the gas at one end or 
the cylinder, () The partially caclased type of machine, fe 
ving parts of the compressor proper are enclosed within the frame 
oe, except the fly-whecl and the main shaft which enters the 
Ghine through a stufling-box. Such valves, also, as are required, 
exposed. (c) The wholly enclosed type of machine,* in which 
& parts are enclosed in a hermetically sealed containe 
stage of the open type of machine is that any lack of adjustment 
\ be readily corrected; so that, with proper attention, it gives 
Por large installations this is considered by many to be a 
‘pe of machine. 
ted type of machine resulted from the effort to reduce the amount 
tired by the open machine, to cheapen its construction and to 
ibility of trouble from incxyert tampering. An objection to 
{type is that when adjustments have to be made the working 
ely inaccessible. 
wholly enclosed type of machine ft is claimed that the toss of 
{prevented hy the hermetical sealing of the apparatys, and that 
ts, belng cumpletely encksed, are protected from deterioration 
auses or tampering. 
tptioa-Type of Retrigerating-Machines are of two kinds, difler- 
} the proportioning of the parts. In the one machine high-pres- 
wed; in the other the proportions are such that low-pressure 
ta tay be used. Where exhaust-steam is available machines 
found to be very economical, and this ts true; also, for all Large 
not exhaust-steam is used. Full descriptions of these machines 
(ns and layouts may be obtained from the various masiufacturers, 
for the Capacity of a Refrigerating-Machine. Heat enters 
compartments, (1) through the walls, (2) with warm goods, (3) 
ige of the outside nie when doves are opened and hy airleaks, 
J nir is the heavier and immediately Bows out when'a door ks 
ni lights or from the heat of the bodins of workers, and (5) 
of state occurring In the goods, such as (reezing, fermenting, 
Ooms these various sources of heat should be analysed sepa- 
Hi refrigerators, as in hotels, kitchens, dwellings, ete, a rox 
curate as a eooer cladavate analyte, allows a certain gumber of 
fer ol rettiverated space por a4 hours. This amount varies 


* Refertod t0 00 page 1605. 
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Achines it is necessary to allow @ greater capacity of machine 
if box than with large machines, since, with the latter, one cam 
large part of the machine-capacity to any given box where 

‘exist; wherons to do this with the small machine would almost 
ye other bos, if indeed there happened to be another bax. It is 
» determine with mathematical certainty exactly how much 
pauired fora given case. . It is best, to allow for this fact and 
fachine is amply large. Where an existing ice-cooled box 

hhically one check upon the size of the machine required ist ihe 
ed. This check is more apt then any other, however, to lead 
Flusions unless the Ggures are properly analyzed. 


fod of Determining the Capacity of « serene pnee a 
A method that gives good results, except that allowance may be 
ft bowes and where brine-storage tanks are provided in the box 
| effect of the mass of cold brine: 
hsumptlon for the hottest month of the year should be deter= 
Witive the average Ice-consumption for that month. 
ge tomperatare that is maintained in the box with ice should 
ly determined. This will usually be from ss to 6s" F, It will 
(ted fo be anywhere from 40 to 45" F., but these temperatures: 
(ned. Even if they are, with a full icechamber and the box 
(erleds the average will be above these figures. Unless, there= 
litive sesurance to the contrary, from $$ to 60" F. should be 
Forage temperatures. 
lon should then be made of the heat-inélow through the insula 
iperature of 55°F. In the box and with the average summer 
‘Side. The difference between the heat-inflow through the 
je total heat actually absorbed by the melting of the ice is the 
the bex from other sources than through the insulation. "This 
lfimarity occurs during the hours of daytime only, that ts, when 
opened, since at night the box will remain closed. A machine 
beity to produce the tempernture actually obtaleed with kee 
bbe of larger rated capacity than that Indicated by the actual 
‘and how much larger it should be can be determined by this 











fact which it ix claimed should be taken into account fs deter- 
er size of a machine is that temperatures obtainable with ice 
Wactory. If they were always satidactory one reason for put: 
lachinory would be done away with. Where 55°F. is obtained 
'§ to 45°F. will be required with mechanical cooling and the 
ft be further increased In the mtio of the tempersture-differ- 
ee summer temperatures and 45° F., and average seromer 
Hiss? F. 
(G-machine if installed in accortance with these figures would 
Weather conditions but would not be adequate for extreme 
fithoas, the most important conditions to be met hy cooting- 
Heccessury, therefore, to further Increase the size of the machine 
be difference in temperature between masinwem summer tems- 
F., and average summer temperature and 35° F. 
Wlowance should be considered, namely, the fact that in many 
bin or another, it is not possible, or else nat desirable, to oper- 
during certain periods of the day, and the machine-siee 
much as may be required to take care of these conditions, 
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{ Refrigerators. Disposition of Cooling-Surfaces. (See, also, 
ifrigerators, page 1599.) No attempt need be made to describe all 
Arrangements of refrigerated compartments that are to be found fn 
| intention is to polnt out some of the more important things to 
[in determining upon the design of a box. It is desirable in a 
d produce not only a low temperature, but « relatively dry atmos 


{face and Temperature. Securing the low tempersture is merely 
supplying suificient cooling-surlace to produce the desired results 
perature available in the refrigerant. The amount of surface 
(luenced by the arrangement of the box, that i, whether or not 
‘freely or sluggishly over the surface, whether the cooling-surface 
he ceiling or walls of the compartment ot in a loft and, if the latter 
fi used, whether or not the air-passages are of proper size and the 
(tween the loft and the compartment sufficient. 


Atmosphere and Tomperature. To secure a box of satisfactory 
pecessary to have a relatively low temperature in the refrigerant. 
F passes over the cooling-surfaces is practically in a saturated con- 
[t leaves thom. If it is to be dry at the temperature required in 
lust have heen, necessarily, cooled well below the bor-temperature, 

ji box, the temperature of which is maintained at 45°F. the 
be rum at & temperature of from about 20° to as" F. Tt is further 
(@ locate the cooling-surface that frost in melting will pass out of 
Uy and not remain to be reabsorbed by the alr in the box. 
ts of Cooling-Susfaces. There are several common arrangements 
faces in refrigerators. Sometimes the coils are arranged overhead, 
the compartment to be cooled. This is one of the efficient ways 
‘olling-surface can be arranged, so Lar as the cooling effect alone is 
{t ie not, in general, a good arrangement, however, since frost 
the coils drips on the goods. In another arrangement the cooling- 
je the wall. This is preferable to the ceiling arrangement, as far 
fig fs concerned. The objection to it fs that goods placed close to 

apt to be overchilled, while goods nearer the center of the com- 
[not cooled quickly enough. It also wastes floorspace, because 
h lose to the coils is not practicable on account of possible overs 
Jeo on account of the liability of retarding the air-circulation. The 
ent for cooling-surfaces Is, nevertheless, often the most practica~ 

Another method involves a modified form of wall-coil arrangement 
fine-storage tank is used to assist in maintaining the temperatere 
Aine is shut down. A further modification ts often introduced, 
irtition or bafile-plate is used in front of the coil. The best types 
Jement are those in which the cooling-surface is separated from the 

and is so arranged as to secure an active circwlation of the air 
band through the compartments. In all of these plins the ome 
ealling for the greatest care is that the airpassages shalt be as 
kiblo and af ample size. The force causing the ale to circulate, 
[Biflerence in weight due to differences in temperature and density 
‘goluma of alr in the coil-compartment and that im the storage- 
ote is 89 extremely senalt that any slight interference is « serious 
in the passage or a slight reduction in the alae of the 
[peooeialnnahed cece A good rule to follow is to make 
inge aa ft can be made without allowing any drip to reach 
tment. This will work oot in many cases to show @ ratlo of 
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ina is as acazly as possible equal to the combined cross-section 
which they serve wt any one time. Even with this proportion, 
(not possible to absolutely ensure that the lower coils will not rob 
ts or even drala them completely ln some systems of piping. A 
& even if somewhat expensive method of overcoming this diffi- 
ie addition of a third main. In this arrangement it is not possible 
) rob another to the paint of draining it. 


as for the Necessary Amount of Cooling-Surfaces. No 
rule can be given regarding the proper amount of cooling-surface 
fonts of various sizes, since the design and arrangement of the 
anil the freedom with which the air circulates over it greatly 
bunt required. As» general guide, however, and where the con- 
thr as to permit x good circulation of the air, the following formula 
Uresults. It will be understood, of course, that the refrigeration 
the given room has bees determined as previously Indicated. 
lerface required, in square feet, per ton of refrigeration equals 
jin which T is the temperature desired in the compartment, and # 
tmperature of the brine. 





Approved Cold-Storage Temperatures 





Articles stored 








£ 
= 
* 


Ide or brine ; : CEE) 35 oe 
{be kept veparate (ross other goods Ree oto 8 





exe $1010 





frozen, 7 
fishcounters shoald be cooled with ice mther thas 
tie r 











& TW the following facts of physics are kept in mind in considers 
of making ice the results obtainable may be understood or pre- 
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(gine would use and it was not possible to obtain fucl-ccooomy, 
form of this system, now coming into considerable favor, is 
hat STATIONARY CANS aro filled with raw water and kept agitated 
‘alr bubbling up through it, When the freezing has progressed 
remaloing water is drawn off aud replaced by frosh water, thas 
groator pact of the impurities that have been frozen out of solue 
fother modifications of these twu systems of ice-making have been 
F developed. Alt of them depend, however, upon the series of 
{stated in the preceding paragraphs, and the results may be 
Felerence to ther. 
feonomy of Producing Refrigeration Mechanically and by 
determining the cost of REFRIGERATION BY Ice, account must 
only of the cost of the ice but of melting, of the uncertain ice 
(@ amount of ice left over at the end of the season and of that 
fr iin the storage and, therefore, practically useless Regarding 
may run anywhere up to so% of the total ico-harvest, The 
over at the end of the season is, of course, so variable that it is 
estimate ft, this being purely 2 matter of chan In many 
it isa very large item. The low by the ice freezing together 
can be reduced to a very small amount where the ice is properly 
distance-strips between the lce-cakes. Proper packing is much 
cartiod out, however, where artificial ice is stored than where 
held, and a mechanically cooled ice-storage is less subject to, this 
fe the temperature is, of course, constantly held below the melting= 
(2) The total cost of RKFRIDERATION PRODUCKD ALPCIANICALLY 
cost of power, water, cil, refrigerant (usually ammonia), tabor 
$6, and interest and depreciation on the investment. The figures 
fh vary between wide limits. The following figures, however, will 
» Care should be taken in drawing conclusions from them as to 
Ietive installations ‘These figures are from the aunual cost of an 
ing company having « capacity of 1 so tons per day in plants 
from so to roo tous per day each, 
40 cts per ton of Ice produced. 
90 <ts per ton of ice produced. 
10 cts per ton of foe produced. 
a 5 cts per ton of ice produced. 
bwer, oil, ete. 10 cts per ton of ice produced, 


Wal, secsecrsereeeerees Stot5 per ton af foe produced. 


TOWER-CLOCKS* 


Viameter of Dials. “To look well and show plainly, dials should 
meter for every 10 ft of elevation and should set out Bush with or 
fhe of the building or tower." ¢ 

is of Some Large Clock-Faces. Colgate's Factory, Jersey 
‘The diameter of the dial &s go ft. ‘The minate-hand is 20 ft Boag 
{in extreme width, and the hour-hand is r¢ ft bong and 3 {t 10 In 
ldth. ‘The minute-tand weighs Gyo Ib and the hourband 500 Ib, 
pest clock in the world. 


ription of the requirements of installatian of tower-clocks, see page 54 
Jd Chapela,”” by F. E:. Kidd 
as Clock Company, New York. 
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tatmiform shel/-adjustment at intervals of about 2 in. Compact~ 
portaat, Open-work atielf-supports promote proper lighting and 


+n eacls ter of comulne height there are usually tx Fows of adjust 
(and one row of fixed shelves. Shelves are generally § or ro iss wide 
eg. Other slzes are suppliod If necessary. ‘The adjustable shelves 
(Crolid plates of shoot steel or of parallel bars with spacer between. 
Relves are placed nbout 2 in above eack floorlovel. They ane made 
tes of steel to form dust-stops, Gre-stops aad water-stops between the 








he adjestable shelves are always completely finkshed with baked 
lore delivery, ‘The dxed parts, also, of the stack-conatruction may 
at the shop with baked enamel, or preferably with airdrying enamel, 
66 ut the building, so as to permit repair. 

ff Ekectric-light wires are carried in metal coeduité supported by 
tumework of the deck-tloors. Lights of 16 candlepomer are spaced 
Apart fin range-aisies and 12 (t apart ln madn alsles 

4 Tnilirect radiation is best for books, The Jower tiers, only, of a 
Id be beated, to prevent the upper thers from becoming too warm. 
fon. Large stacks are usually ventflated artificially to prevent the 
{st and outside air through open windows, In the Library of Come 
‘ashington, D.C., fresh, filtered and tempered air fs forced tn nt the 
fy finds its way up through the stack by means of the deck-slits and 
(at at the top tier. 

fe The shelves and shell-supports * weigh from 7 to to tb per eu fe 
age. Books welieh about 20 or 2s th per cu ft of book-mae, The 
Goor framing weighs from 4 to 6 I per sq ft of gross area of deck- 
thle Boie-slabs, 114 in thick, weigh aboot 30 Ib pet sq ft, and Min 
elise slabs, about 10 Ib per oq ft of net area. 

tpaeities. Book-capacities per linear foot of shelf may be figured on 
tug basis: Iaw-books, s volumes; reference books, 6 volumes; sclen= 
7 Volumes}, genera} Siterature, from $,to co volumes. The average 
hry of Congress is 814 volumes per Hear foot. An ordinary stack 
Yes high with double-faced rances 16 in deep (ot Sin shelves) wad 
wide, with 2 reasonable allowance made for crosealshes, stairways, 
tain whout 22 volumes per sq ft of gross ares. 

the cost in the United States of fibrary-dtacks of standard cometruc~ 
(7004 '$0 cts to $1 oF more per Tinenr foot of sbelving.” Edoooany 
following estabsished standards while special designs increase the cost, 























CLASSICAL MOLDINGS 


(8 are 50 called because they are of the same shape throaghout their 
ous the whole had Been cast fo the same mali of forei, “The regi 
P& a8 found in remains uf classic architecture, are eight kh nunsber, 
fe the accompanying Wbestration, and are knows by the following 
last two are commonly calied, also, ockx worniies, Sonic of these 
Erlved thus: visser, (rom the Preuch wond i, a thread) ASTRAGAL, 
GALOS, a bone of the herl, or the curvature of the heel; akan, berate 
& when property carved, resembles « tring of beads; TORUS, Of TORK, 


| As made by The Socad & Co, Les Works, Jermy City, No Je 
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vary much among themselves and difer Io different places, 
‘nes still further varieties are found in Italy, Spain, France, 
land. ‘The best known and most admired forms for the orders 
out by Giacomo Baroxsl da Vignola in the sixteenth century 
ancient 
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hand 
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drops, 
teh are 
. somes 
There 
ighteca 
Coyline 
fer the 
mutule, 
ipposed 
eds of ee 
eons, Fig. 1. ‘The Tuscan Onder 
fie cor- 
JeMOTULARY with bracket and the peencucaTen with dentils, 
tronce being in the nepaeocn."” The order shown in Fig. 2 
ted comice, 
fer, “The protatypes of the Ioxsc oxpex (Fig, 3) are to be 
Gssyria, and Asin Minor, Tt ts characterized thy manem in the 
Gers fn the bed-muld, bath of whieh are held ti represent 
gether to form a heain ur «root, Itut the most conspicwons 
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Corinthian Order 
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THE CORINTHIAN ORDER 
Eig. The Cardatisine Onter 
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feplostves, and to those local and police. atithorities upon whom de- 
inspection of stores of explosives: 

erial of Rod. Copper, weighing not less than 6 ot per ft run, the 
conductivity of which is not less than go%% of that of gure! copper, 
bbe form of rod, tape, or rope of stout wires, no individeab. wire being 
No. +2, Birmingham Wire-Gauge (c,109 in) the Engliah, standard 
fe Tron may be used, but should not weigh Jess than 2} Ib per foot 





tt Every joint, besides being well cleaned and screwed, scariod, 
+ Should be thoroughly soldered, 

af Polots. The point of the upper terminal* of the conductor 
{bare an angle sharper than go". Avfoot below the extreme point « 
should be screwed and saldered on to the wpper terminal, in which 
i be fixed three of four sharp copper points, each about 6 in long. 
Wile that these points should be so platinized, gilded, or nickel-plated 
EC oxidation. 

fiber and Height of Upper Terminals, The number of conductors or 
fhinals required will depend upon the size of the building, the material 
it ts constructed, and the comparative height above ground of the 
iets. No geueral rule can be given for this, except that it may, be 
that the space protected by the conductor Is, a a rule, a come, the 
Whose hase is equal to the belght of the conductor from the ground. 
fatare. The rod should not be bent abruptly around sharp corners 
tabould the length of a curve be more than half as ong again as ite 
bole should be drilled in string-courses or other projecting masonry, 
Ble, to allow the rod to pass freely through it. 

ators. ‘The conductor should not be kept from the building by 
(ber insulators, but attached to it by fastenings of the same metal as 
conductor itself. 

fe. Conductors should preferentially be taken down the side of 
fg which is most exposed to rain. They should be held firmly, but 
(ats should not be driven in so tiehtly as to pinch the conductor or 
potraction and expansion due to change of temperature, 

er Metalwork, All metallic spouts, gutters, iron doors, and other 
metal about the building should be electrically connected with the 
(h-Coamectlon. Tt is most desirable that, whenever possible, the 
fealty of the conductor should be burled fy permanently chim soll 
Gxitnity to rainwater pipes and to drain or otber water is dealable, 
‘y good plan to bifureate the conductor close hebow the sutfiace Of the 
fd to adopt two ef the following methrds for securing the eseape of 
fing into the earth: (0) A strip of copper tape may be led from the 
Vithhe fod to & jas or water-maln (net merely to & lendes pipe), Wf mich 
‘enough, and be soldered to it; (6) a tape muy be soldered to # sheet 
(8 by 5 ft by be in thick, buried in permanently wet earth and su 
Wy elnders of coke; (c) many yards of copper tepe miay De lad be x 
ed with coke, having not lees than 18 aq (of copper exposed. 

fection trom Theft, etc. Tn places where there is any Mkelihood ‘of 
le belng stolen o injured, it should te protected by being enclosed 


pee terminal is that portion of the conductor whic f between the top ef the 
he poiit of the conductor 
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t has been found that in from three to five years there is a de~ 
pbing of the copper, through the action of the sulphuric and 

‘Tt has often been necessary to replace points, sections of cable, 
ten avtay from this cause. 


HONES. AUTOMATIC TELEPHONES FOR 
INTERCOMMUNICATING SERVICE 


«The Interphone system is an appilication of the telephone for 
tis an automatic, intercommunicating system, requiring neither 
toperator, and being self-contained within the walls of the estab- 
(ose benefit it has been installed. 

+ In brief, the advantages of such a system are these: (x) the 
a button gives a person telephone-connection with any desired 
the loss of time involved in first calling up a third party: (2).ne- 
‘ory or information bureau is made unnecessary through the use 

‘ly inseribed, on the face of the instrument; (3) no maintenance- 
ved, and the system, consequently, is a8 Inexpensive t0 operate 
forvbell; (4) the wiring-arrangement is such that the system may 
when the original plans for a new building are belag drawn up, 
pect it does not differ much from » system of electric lights or 








| Interphones in resjdences, schools, hospitals factories, nil, 
and. clubs is constantly increasing. The same general features 
these types of installations, and in practically every case it bs 
of the system that expecially recommends it for service, The 
ally fits in where formerly call-bells, speaking-tubes, messenger 
‘er inadequate methods were the rule. The interphone field of 
te establishment whose needs call for from four to thirtystwo 
ms. When there aro moro than thirty-two the installation of 
oe-exchange, with a switchboard, is better practice, 


terphones. There are several types of, interphones for varying 


tee 
t familiar instrument {sn wall-interphone, of the NoWFLUsa 
pone is of metal, with comnecting buttons, labels, bells, enouth- 
(receiver, all mounted on its face. This instrument is to be at 
to the wall. 

St tev resembles tho first-mentioned type in every particular 
plied in its tithe. ‘The instrument és mounted into the well, with 
th the reat of the wall-surface. These two instruments are most 
(allation in club-hallways, in stores and factories, in_ residences, 
$s where wall-telephones would ordinarily be used. Busy offices 
bomploy variations of types (1) and (2) and Use » DESK-SET, a 
pent taking care of the counecting buttons amd labels, or & HAND= 


€STANQ, telephone is of the type often used for becal and long 
f Connected with it is a metal box cootalning the rows of 
hols, each label being opposite the button through which is se 
fe with the corresponding station. The telephone in this case 
alg key-box is conveniently close at hand, either on the 
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(to the street-sewers. \ portable tank is wed pra oer re 
um-eleaners of a third type consist of small machines which take 
ve brooms and dusters or are used in connection with them. ‘They 
enerally used and may be driven by an electric motor, by foot, or 
rete last-mentioned, smaller, portable cleaners are used for many 
* than the ordinary cleaning of rooms and furniture. 


td Specifications for Vacuum-Cleaning Installations, Com= 
specifications for the installation of a vacuum-cleaning plant fee 
iy be obtained from any of the numerous manufacturers making 
wand taking contracts to put it in place. ‘There are several types 
fd systems of installation and detailed descriptions would exceed 
(pace in this handbook. 


ATERPROOFING FOR FOUNDATIONS * 


tproofing of Substructure Work is, comparatively: speaking, 
hofengincering. 1t is only within rooout years that it has become 
tomstruct deep basements for buildings. In the past, the more 
tictures, such ns cathedrals, capitals, state-buildings and. the lke, 
bailt upon high ground, and water was peeveoted fram entering 
(of such buildings by means of drainage. Waterproofing, ax we 
fens generally unnecessary. With the advent of the so-called sky 
over, requiring Liege mechanical plants, deep basements became 
easity, and as these basements are usually carried below ground 
ad fa many instances below tide-level, the question became one af 
tance, Like almost every detail of a modern building, water 
pecialty. Each building presents its ewn problems, and the safest 
{the sobution of these problems to some one expert ia the knowledge 
fag who has made it a special study and knows how best. to over= 
ting difficulties. It may be laid dowa ax an invariable rule that, 
(aa are at all serious, the owner or the general contractor will 
( the Jong run if he employs the services of an expert waterproofer 
aterprwoting-wal, regardless of the method he wishes to tse. 
Resistance Versus Waterproofing. Tn waterproofing large base» 
actual pressure exists, it is a question for the engineer to decide 
moce economical to attempt to sccure an absolute PRESSURE-JOR 
‘oor JON in connection with a drainage system’. As & 

(e stated that where a building ts genceating its own power, ft be 
tal to use a drainage system with an opem samp thas to construct 
a, the cost of pumping being much less than the interest: charges 
‘t floor-alab aufliclently strong to withstand the pressure, 


fing Concrete Foundations. The three following subdivishos 
{discussing the causes of permeability of concrete, the addition of 
Fender it more water-proof, and the treatment of ite surfaces to 
itmeable, embody the conclusions of Committee D8 of the Amer= 
i Testing Materials t ‘This committee, since its organization in 
fagh lahoratory-tests and experiments, together with examinations 
fF comstruction and after completion, as well ax the study of Hter~ 
fibject, sought to secure wuflicient Information to enable it to for- 


(hors is general we Chapter 11. 

6 £0 thie mide of page rf, lv the eubatance of a peepritst of the Report 
We American Society tor Testing Materials at ity meeting, June s4-98, 
meeting it was formally accepted. 
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ucing permeable concrete is aggravated by poor and inefficient 
if the added expense of screening and remixing the aggre= 
forded, so as to secure proper granulometric composition to 
squired to make untreated concretes Impermeable, it is seena- 
imeecial impossibility on large construction to obtain work~ 
ieoximating that found in laboratory-warks 

Foreign Substances to Cement Before of During Mixture. The 
‘hat in consequence of the conditions outlined abdwe, sub- 
to make the concrete more impermeable, either Incorporated 
added to the concrete during mixing, are often used. ‘This 
development and placing on the market of numerous patented 
terproofing-compounds, the composition of which Is more or 
et. While it has besn impossible for the committee to test all 
iterproofing-compounds being placed on the market, it has 
ident number of these, as well as the wse of certain very finely 
occurring of readily obtainable commercial mineral products, 
tnd sind, colloidal clays, hydrated lime, ete., to form « general 
f the different type. The committee finds: 

\jority of patented and proprietary integral compounds tested. 
amediate or permanent effect on the permeability of concrete 
these even have an injurious effect on the strength of mortar 
hich they are incorporated. 

ermanent effect of such integral waterproofing-additions, if 
action of organic compounds, is very doubtful. 

posible effect, aot only upon the early strength, 
of concrete after considerable perieds, no integral 
erin! should be used unless it has been subjected to long-time 
Yet proper observation to demonstrate its value, and unless 
E the peopeetion in which they are present are known. 

(eral, more desirable results are obtalnable from inert com- 
tchanically, than from active chemical compounds. whose 
‘on change of form through chemical action after addition to 








Hing substances are more to be relied upon than. those whose 
fepellent action. 
cility in sh 





€ very finely divided void-iilling mineral substances may be 
la the production of concrete which, wader ordinary con 
‘@ found impermeable, provided the work-joints are properly 
# do not develop on drying, or through change in yolame dise 
tages, or by settlement. 

tatment. While external treatment of concrete! would not 
ete itself, ether naturally or by the addition of water» 
was impermeable to water, it bas been found in practice that 
(a, no matter how carefully the concrete soll has bees made, 
iwelop, due to shrinkage in deying out, expansion and comtrace 
Of temperature and moisture-content, and through settle 
fore, often advisabite in important constrwction to anticipate 
fe pomible cecurrence of such cracks by external treatment 
fating. Such coating must be seficlently dastionnd pulesive 
tks extending through the coating itself, ‘The application of 
vokMilling liquid washes will uot prevent the passage of 
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y substitute active cementitious substances for the largely im- 
igmuterlals previously recommended, thus increasing the strength 


‘Workmanship. In conclusion, the committee would point out 
(of waterprocfing-compounds or substances can be relied upon 
Ouinteract the effect of bad workmanship, and that the produ 
eable concrete can only be hoped for where there is determined 
od workmanship. 


& Blectrical Action. The production of impermeable concrete 
neater importance since the appointment of this committee, 
fil-known injurious action of saline or alkaline waters and to the 
hile effect of the moisture in’ concrete occasioning of aggravating 
| from stray carrents, Originally, the question of waterproofing 
¥ the physical troubles resulting from water passing through 
[t any special consideration of is effect on its durability, other 
leaching out of the cement. Recent developments suggest the 
(owing to the increased conductivity of damp concrete to elec- 
such currents, if present, may so affect damp concrete as to seri= 
Interrity; and this possibility further emphastecs the importance 
indation that no waterproofing-compound of unkgown chemical 
added to concrete, as recent tests seem to show that the action of 
(ts ta aggravated by the presence of certain solutions. 

ing by External Linings of Brick, Tar, or Asphalt, and Felt. 
tod of waterproofing is the ome involving the use of a taz-end-felt 
felt seal (Fig. 4), "This consists of building first a supporting 
jerting concrete slab to hold the peal. On the floors, this slab 
joned of concrete, 4 in thick, The walls are generally of brick 
hick, but eccasionally 4-in terracotta ties are used. Upon this 
of tar or asphalt is placed and before this has become cold or 
Imsof paper, saturated with coal-tar, is laid, ‘This paper receives 
coahtar and asphalt and another layer of paper is placed, the 
f continued until there are three er mote layers of paper with 
abbings of the taror asphalt. For damp-proof work, three layers 
lour swabbings of tar are usually waticient. For waterpeoctnuge 
han five and avaally dx kayers of paper with frees alx to seven 
fare ted. ‘The main walls of the structure are then built agaleet 
Foofing, and alter these are in place, the main concrete basensent= 
hiodiately on top of the floor-seal, the idea being to form & ean 
prook seal enveloping the entire basement below grade. ‘The 
Vis system consist chiefly In securing perfect laps at all polnts ie 
nless extreme care is tsed and unless there is perlect cotiperation 
\terpeooler and the mason-contnactor, there is apt to be a brealk 
he eal, usually where the wall-wnterpevoding fs supposed to be 
erwork. The disudvantages of this system are due to the fact 
| Rot permanent in all soils as the subsurface water frequently 
which destruy tho soak Thea again, the scal maybe easily 
fee mason-contractor in building his wall against it. ce ln baying 
brupos the fat work. The chief disadvantage, however, bs that 
jag-seal bs invariably beried behind a mass ef masonry, either 
te, which means that should there be a beak, dur to efter cure: 
ent, through the wuterprooding-seal, it is frequently impossible 
dot infrequently bagpens that whea a leak has developed im taz- 
lke actual presence of tho water dors aot show opposite the leak, 
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And cushion and a >-in layer of planks under the engine-Soundation, 
part of the waterproofing but is put in to prevent the communicar 
jo, Fig 4 shows reinforced-concrete floors for an engine-roam 
m, the concrete slab being 12 in thick under the former and 24 in 





Pig. 2* Cement Woternosind for Foundations 


latter. Both floors are covered with a 1-In course of water-proof 
reinforcement is put in as shown and in sisos and spacing as 





a3%q slab a4-in slab 





Wd lin to courses Rods in three courses 
it qa comers, 6 in from | Foseskennia te pa centioy 12 in froen 


} aun 
[im on centers, 2 in trom | Intermediate rods, 3 in om centers, 7 in 
surface 


rn 

| fotal area of cross-section | Upper rods, 6 in om centers, 2 in freee 

lng per saware foot of sur- | surtace 

r Por ten rods, total area of cromseection, 
| ‘ex crane foot of wurtace, 








Mphlet published by The Weterpronfing Company. New York. «al sbow- 
HW thickness of walls and floor required for the insibe-suriace water-prook 
‘of wateeprocfing. Taken from design tor waterproofing of the sabe 
fn Pigs 1. The walle and doors were pat i pice the moalithic term, 
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solution with water in soil, By the coment method the cost of 
iting walls and the concrete supporting slab is etimiaated as is 
tending cost of the necessary excavation for them: and finally, 
tg oa the floor serres the double purpiwe of wuterprooling and 
. thus saving the cost of the cement finish wsually found in 
subbasements. One of the disadvantages of cement water 
the material is rigid and-is fractured by any settlement of the 
faction in the concrete upon which it is placed. Experience baa 
that settlement-cracks usually take place before the water- 
(hoe thas left the building and that there is little or no trouble 
es after bis work is completed,  Contraction-cracks in concrete, 
8 develop at any time within twenty-four months alter concrete 
|. dn.order to prevent these cracks, users of the cement water= 
fopted a system of reinforcement in the concrete, and it Is elaimed 
rement is, in the long run, an economy, as ft permits of less con 
& better and stronger floor or wall, On brick and stone wal 
perienced from contraction and expansion. It ebould be re- 
this work is all below grade where contraction and expansion 
(minimum, cogardiess of the materials used, 
ng by Adding Substances to Cement. This is another 
proofing now being advocated by some, If this method cowd. 
¢ efficient, it would be highly advantageous. It fs claimed by 
fers of these compounds that in order to secure a water-prook 
ample, a certain percentage of the compound is to be mined 
it before it is incorporated in the concrete, The opponents of 
tim, however, that it is impossible to construct « basement in 
Ut incurring the danger of serious leaks at the joinings of one 
p that of another; that leakage at these points of cleavage may. 
the use of waterproofing-compounds; and that their priecipal 
€¥ produce n very dense mass of concrete. It is always difficult 
Merete to new, and if conc ts made water-proul, of, in other 
tbent, the difficulty of joining new concrete to # nonabsorbemt 
erete is increased. This method is effective, however, acd is to 
din work which can be carried on without interruption, such, lor 
all clevator-pits or small swimming-pools, where the concrete 
fa the moraing aud completed by night or before amy part of tbe 
(me bo attain its initial set. 


FORCE OF THE WIND 


tween the Pressure and Volocity of Wind. According to 
ide In 18j0 or thereabouts, by C. F. Marvin, United States 
the relation between wind-presmure and velocity is given very 
fe formula = 0,004 V*, where p is the peowuro is pounds per 
4 flat surface normal to the direction of the wind, and ¥ the 
wind in miles per hour. Smeaton consilered the pressure as 
The following table, based oa Marvin's foreoula,” is quoted 
ad Ketchum. 


emule writes # = o.coy2 ¥ the valent this table wit he Micly 
thapter paces cose and 1243; and abo omer tot The 
[petvbed stats Saget Service tp 2 hocy PaT tm preire 
fre between 0,005 ¥? aad 0.004 4, near the former fon rery how yebecs 
(latter for bigh velocities. 

Wtwine’s Pocket-Book, rose 327, 
















































10 cts per ounce for cach, 
(3) A stone or 
in. Ir there i bt Hite a 


exposed to the sunlight, “The omelet r 

placing a piece of paper omer It witht 

awl Yhe ask Ged with water, if the | 
Wades trae 
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better to make a water-tight Box 5 or 6 lu deep, and 6 in wider 
the drawing to be copied. 

ality of white book-paper, 

directions are to be followed: 

hemicals in cold water in these proportions: 1 os of citrate of 
in; 1 os of red prussiate of potash; and 5 ox of water. They 
to a bottle together and shaken up, ‘Ten minutes will suffice 





the paper to be sensitized on a smooth table or beard, pour a 
m into the earthen dish or plate, and apply a good even cont 
‘per with the brush. Theo tack the paper to a board by two 
and set it in a dark place to dry. One hour is saificient for 
ce the paper, with ith sensitized side up, on the board on which 
ily tacked the white flannel cloth; lay the tracing to be copied 
op of all lay the glass plate, being careful that paper and tracing 
(and in perfect contact with each other, and lay tho whole 
funlight. Between eleven and two o'clock in the summer-time, 
rom 6 to ro minutes will be sufficiently long to expose 
longer time will be required, 1f the location dors not admit 
t, the printing may be done in the shade, or eves on a clowdy 
to 254 hours will be required for exposure. A little experience 
any one to judge of the proper time for exposure on different 
vosure, place the print in the sink or trough of water beloce 
wash thoroughly, letting it sak from 3 to $ minutes. Upon 
water, the drawing, hardly visible before, will appear in clear 
dark-blue grounds After washing, tack up against the wall, 
tmt place, by the corners, to dry. This finishes the operation, 
aple and thorough, After the copy is dry, it cam be written oa 
yen and & solution of common soda, which makes a white Hne. 
tipe for Making Blue-Prints. ‘The fullowing i an alternative 
€ given above. The paper should be prepared by floating it 
8 solution of ferricyanide of potasslimns (red presiate of potash), 
Jt should then be dried in a dark room, afterwards ex- 
te niegative until the dark shades have assumed a deep bloe 
sed in a solution of water, 2 ax, and biehloride of mercury, ¥ et. 
Ute washed, immersed in a hat solution of oxalic acid, 4 drm, 
washed again and dried. Where a copy of w drawing is to be 
ed paper is placed, sensitive side uppermost, oa fat board 
»0F three thicknesses of blanket or its equivalent, A tracking 
sudde, laid on the sensitized paper and held in place by a sheet 
tothe beard. ‘The sensitized paper is exposed to the sunlight 
lites or t0 a clear sky from 30 to yo minutes axe! then remowed, 
1. The only requisite as to paper is that it must stand wash: 
laper may be purchased, 


oples from Tracings. “The directions for making the sensitixe 
fo this process are as follows: Dissolve separately, tum 

sters tartaricacid, 13 dr, in 6 03 6 de water; ‘permlpaite 
fof water, Pour the third solution into the secorel, stir Uhr 
} poar the resulting mixture Sato the first, the stiering belie 
8 the mixture is complete add slowly, still stirring, 3 fox amd 
tid percbloride of fron; (iter juto a bottle and keep in the dark, 
[sized paper, apply a thin, smooth coat of the solution with a 
‘onge, and then dry in a dark room with moderate heat. The 
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its revolutions, and divide the product by the diameter of the 
ithent will give the revolutions of the driver, 
the Revolutions of the Driven, the diameter and revolutions of 
ithe diametor of the driven, being given. Multiply the diunseter 
y its revolutions, and divide the product by the diameter of the 
Went will give the revolutions of the driven, 
te Transmitted by Belting. ‘The eflichency of belting to trans 
» turn & wheol of puLLeY, depends upon the width and thickness 
tare-contact with the pulley, the position of the belt, whether 
feal, or at an angle, and the velocity. ‘The greater the velocity 
‘the belt, the more power it will tranamit. A belt running ver- 
(ed will tmmamit lew power than one running horlontally, but 
hore-power capacity of belting only the velocity, width and 
it are usually considered, it being assumed that the pulleys are 
nd located so that the belt will be nearly horlaontal. Belts are 
med to be of Lraries, unlows otherwise designated, The term 
‘used to designate a belt made of a single thickness of cowhide 
mux pmtr is made by cementing and riveting together two 
sather, There is no standard thickness for cither single or double 


¥ mules have been given for determining the horsepower that 
ianit.* Those commonly used are: 
le Belts. Multiply the width, in inches, by the welocity im foet 
divide by 1 e00. 
ole Belts, Multiply the width by the velocity and divide hy yoo, 
be number of horse-powers. 
tes give divisors of S00 and 733 for single belts, and 550 aud 549 
For the velocity of the belt multiply the sumber of revolutions 
(ther pulley by the circumference of that pulley. 
Hiding. For continuous use a double belt ts the most economical 
| @xcept on very small pulleys or for very light duty. Triplex 
belts are sometimes used for very heavy duty, but such belts are 
artied in stock. Single belts should always be axed with the 
the pulley. The belt-speed for maximum economy should be 
geo ft per minute. Ipurr-roLteys work most satisfactorily 
i the slack side of the belt about one-quarter way (ront the driv 
Its are more durable and wotk more satisfactorily when made 
ch than when made wide and thin. As belts increase in width 
a be made thicker. For dynamo-work or electric motors the 
Lashould be fastened together by splicing and cementing Basten 
For all other cases the ends are fastened by hooks or lacing. 
cleaned and greased every 5 to 6 months. 
ym Center to Center of Shafts.* In tcating shatts that are 
with each other by belts, care should be taken to separate ther 
tance, ‘This distance should be such a8 to allow a genthe say to 
a motion. 
(ral rule enay be stated thus: Where narrow belts are to be ran 
ym tg ft is # good average, the belt having a sag of from 14 to 
fmum distance between shafts ts about fo ft. Foe larger belts, 
fer piilleys, a distance of from 90 to as ft does well with a sag 


lion of tedting, belt-tressing, care of belting, shalting, ete, see Kent’ 
reer’ Pockat-Book. 
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" Chain-Blocks, Hoists, Hooks, Ete. iota 
CHAIN-BLOCKS, HOISTS, HOOKS, ETC. 

‘These are portable hoisting-devices which enable one 















is spur-geared. 
fad worm:feared blocks ofall kinds depend pan fiction to pee- 
load from running down. In the triplex block # sepaiate device is 
JPOP Tp sey a Sap 


‘supplicd by the Yale & Towne Manufacturing Company, 

and Efficiency of Chain-Hoists. The table below gives the work 
‘by the operator at the hand-pulling chain with each size of the various 

thain-blocks in lifting the stated capacity, that is, the amount of work 

Repited to Bit this load ont poor by stating the force exerted in 

the distance in feet of operatingchains to be pulled. che eies 














we Factors determines the efficiency of the block and the ease and speed 
Work Done by Operator with Chain-Ilocks 
‘Triplex Duplo 4 
Comdiy..). soargearcd, |' worm-grared, | -2iterentls 
th ft th ft mt 
4 | Gxn | @xeo w2aX2b 
1 RX BX 59 26X30 
aM u6X 35 mx fo 26XI6 
2 120% 42 SX 9 waa 
3 14% 6) ipki6 Se 
4 1uX | Xess , 
5 110X126 USXI95 
6 Ipxus 1asX23 ‘ 
* sXe sfx j10 
~ 140X280 160X990 
u 1X E26 
16 ts X 166 
~ 0X20 
fave two hand-chains. The figures cive the number of feet 
ted on each hand:chain. A man cannot pull more than Nis own 
the operating chains, and can pull faster in proportion as the pull 
“The maximum pall usually requited of ene man ix 82 My, 





and as A= 2. the dimensign Diy 
sions A, are necessarily besed | 
The sizes which it tus been fo 


Capacities of hooks 4&4 or “ie 
Dimension He Me te 


1 Th forlas which give the 


aepeels jo terms OF 
‘ence to the fortgbinig séile. 


4 pled Shenley mm Can 





Bells 


‘To find the dimension /, ina a-ton hook. The formula Is 
fmtgd 
ton hook, A= 1}4 in, Therefore /, in a 2-ton hook, is found to be 


‘of Failure of Hooks. Experiment has shown that hooks made 
to the above formulas will give way first by the opening of the jaw, 


Dimensions and Weights of Church-Bolls 
Manulactured by Meneely Bell Company, Tray, N, ¥- 
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Medium 

tones 
D 
ce 
c 
c 
5 
B 
Bb 
A 
A 
A 
ay 
a» 
G 
G 
G 
Pe 
Fr 
Fr 
gz 
z 
B 
Be 
Dd 
co 
Cc 
c 
B 
B 
Be 
Be 

















Momow, Church of Re- 
doemer. ” 


bel 
Notre Daze, Paris. 
Montreal, Canada 


. Peter's, Rome... 

oat Tomi, Oxford 
Cologne, Germany 
Brussels, Belgium 
State- house, Philadelphi 

jolt, England 
St. Paul's, London. 
Exeter, England... 
Old Lincoln, England. 
Weatminster, London. 
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[MBOLS FOR THE APOSTLES AND SAINTS 


€ constant occurrence of symbols in the edifices of the Middle Ages 
of the cathedrals of the present day, the following list of symbols, as 
attached to the apostles and saints, may be found useful: 


Holy Apostles 
Bears a key, or two keys with different wards. 
 Leans on & cross so called feom him; called by heralds the saltiee, 
ie Evangelist. With a chalice, in which is a winged serpent, When 
‘mibol is used, the eagle, another symbol of him, is never given. 
fomew, With a flaying-kaife. 
he Leas. A fuller’s staff bearing @ amall square baiiner, 


he Greater. A pilgrim's staff, hat and escaloprahell, . 
& Anarrow, of with a long stafl. 
A long si 





A dub. 
bm A Katchot. 
Leans on a spear or has a Jong cross in the shape of & 
fw. A knife of dagger. 
A winged Jion, 
A bull. 
An eagle. 
{An elevated sword, or two swords in saltire, 
je Baptist. An Agnus Dei. 
{With stones in his lap. 


Saints 





A lamb at her feet. 
With an organ. 
n anchor. 
Preaching on a hill 
With his head to his hands. 
| With the dragon. 
i& With three naked childrea in a tuh, in the end whereof rests bis 
stall. 
On the rack. 





ULAR OF ADVICE ON PROFESSIONAL PRACTICE, 
'HE AMERICAN INSTITUTE OF ARCHITECTS* 


ttory. The Amcrican Institute of Architects, seeking to maletaliy a 
rd of practice and conduct on the part of its members ax a safeguard 
Getant foancial, technical and esthetic Interests enntrasted to them, 
following advice relative to professional practice: The peofeasion wi 
te ecalls for men of the highest integrity, business capacity and artistic 
‘he architect is entrusted with financial undertakings ia which his 
purpose must be above suspicion; he acts as peofesslonal adviser to 
ind his advice must be absolutely disinterested: be Is charged with 
@ of justicial functions as between client and contractors and must, 


jerican Trititute of ‘Architects, Documest 107, Washington. D.C, May to, 
Finted by permis, This circabar relates to the princigkes of professional 
(the canons of ethics 
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fe that none but trustworthy biddors be invited and that the award be 

(nly to contractors who are retiable and competent, the architect peotects 

forests of his client. 

On Duties to the Contractor. As the architect decides whether ‘or 
Fatent of his plans and specifications fs properly carried out, he should 

‘care to seo that these drawings and specifications are complete und 
fe, and he should never call upon the contractor to make good oversights 

[Pi is theen nor attempt to shirk responsibility by indefinite clamses in the 

[or specifications. 

(Om Engaging in the Building Trades. ‘The architect should not 
Dr indirectly engage in any of the nuroINe TeADes, If he has aity 
interest fn any building material or device, he should! not specify or 

it the knowledge and approval of his client, 
Accepting Commissions or Favors. The architect should not 

Hany COADAISSION or any substantial service from a contractor or from any 

person other than his client. 

[On Encouraging Good Workmanship. The large powers with whicls 

isinyested should be used with judgment, While he mast condemn 

te should commend good work, Intelligent initiative om the part of 
hen. and workmen should be recognized and encouraged and the architect 
fake evident his npprociation of the dignity of the ARTISAN’S FENCTION, 
On Offering Services Gratuitously. The sceklog out of a possible 

(nd ithe offering to him of profesional services on approval and wrrmoue 

RArtON, unless warranted ty personal or previous: business: rulathinsy 

blower the dignity and standing of the profesioa and ts to be condemned, 

On Advertising. Anvenristyc tends to lower the dinity of the pro 
‘god bs therefore condemned 

‘On Signing Buildings and Use of Tit Tho display of the archi? 

pon a building under construction is condemned, but the unob- 

| BAGNATURE oF BcTLDrxos after completion har the approval of the 

fe. The use of oxrriats designating membership is the liatitute is proper 

(eetion with any professional service and is to be encouraged as helping 

|e Knows, the nature of the bonor they imply. 

(Cm Competitions. An architect should oot. take part in a competition 

WMPEETTOR of weOR Unless tho coeapetition bs to be conducted. 

[ext practice acd usage of the profession, as evidenced by its having 

@ the approval of the Institute, nor should he continue. to, act as PROr 

WAL Apvaser alter it has boon determined! that the program canmet be so 

[as torreceive such approval. When an architect bas beon authoriond (0 

[ieketehes for a gives reject, ne other architect should submit. sketches 

fat] the owner bas taken definite action.on the frst ehetches, sinca. a8 

jhe: second architect is concerned, a competition. is thus. established 

[iim an authorized competiter, am architect may not attempt to secke 

foe which a competition has been instituted. He may not attemps to 

fo the award in. competition in which be bas submitted deawings. He 














" jhe commission ta da the work for which « competition, bas Deer 
fed if he ted inan axivisory capacity ether lo drawing the prograss 
paking the avard, 


Os Injuring Others. An architect showld not falsely or maliciously 
Wirectly or indirectly, the professional reputation, prospects of business 
How architect. 
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Attempt to influence, cither dircetly or indirectly, the award of a com- 
| which he iy a competitor. 
jecept the commission to do the work for which a competition has heen 
if he has acted in an advisory capacity, elther in drawing the pro 
(Fin making the award, 
Anjure falsely or maliciously, directly or indirectly, the professional 
Jy Prospects, or business of a fellow architect. 
tndertake a commission while the claim for compensation, or damages, 
(fan architect previously employed and whose employment ‘has been 
d remains unsatisfied, until such claim has been referred to arbitrators 
fas been joined at law, or unless the architect previously employed 
bepress his claim legally. 
attempé to sapplant 2 fellow architect after definite steps have been 
jard his employment, that is, by submitting sketches for # project for 
peber architect has been authorized to submit sketches. 
compete knowingly with 2 fellow architect for employment ow the 
wofessional charges. 





denal Practice of Architects. Schedule of Proper Minimum 
Charges * 


barchitect’s professional services consist of the necessary conferences, 
ration of preliminary studies, working drawings, specications lange 
full-size detail drawings, and of the general direction and supervision 
lek, for which, except as hereinafter mentioned, the minimum charge, 
bm the total cost f of the work complete, i 6% 

residential work, alterations to existing buildings, monuments, fumi> 
prative and cabinetwork and landseape-architecture, it ts proper to 
Igher change than abore indicated 

E architect is entitled to compensation for articles purchased under his 
‘een though not designed by him, 

fis operation is conducted under separate contracts, rather than under 
‘contract, it is proper to charge a special fee in addition, to the charges 
elsewhere in this schedule. 

lero the architect is not otherwise retainer, consultathoe-fees for ‘peo- 
hdvicw ure to be paid in proportion to the importance of the question 
lund! services rendered 

tere heating, ventilating. mechanical, structural, eloctrieal und’ sanitary 
fare of stich a nature as to require the services of w specialist, the owner 
for such services. Chemical and mechanical tests and surveys, whea 
fare to be paid for by the owner 

Cetary Lmveling expenses are to be paid by the owner, 

falter a definite scheme has beea appeoved, changes in drawings, speck 
o¢ other documents are required by the owner; ot if the archigeet 
bxtea labor or expense by the delinquency oc inawlvency of a contractor, 
fect shall be paid for suck additional services and expense. 

merits to the Architect are due as his work jyroyresses in the following 
pon completion of the preliminary studies, one-fifth of the entire fee; 














hed at the Washington, D.C., Convention, December es-ry, 1908. Re- 
) peerinion. 

Mal cont is to be tnterpretet as the cost of all materiale ane Labor wecensary to 
the work, plus contractors” profits amt expenses, as such oust woukd be Uf all 
Were new and all labor fully paid, at market prkes current when the work was 
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assistance, to prepare the programme, laying down, of more frequently 
ules to gover: procedure. With the growth of the country, the in- 
xpenditures for public and private buildings, and the increase in the 
| architects, all the evils of ill-regulated competitions became more 
Peogmummes varied from loose and careless forms, difficult to wer- 
Jofton open to the suspicion chat only the initiated knew what they 
1s ones neceiitating uscless study of details and meedless 
‘Those instituting the competitive often bad no legal authority te pay 
(titors, still less to employ the winner. ‘There was great «economic 
{otal cost of participation exceeding the total net profit accruing to the: 
from work secured throwzh competitions. Architects have learned 
itcome of a competition, unless governed by well-defined derecments, 
matter of chance. The owner has, to be sare, achoice of designs, but 
bre likely to make the wisest selectice or to obtain the best bailing 
bahects his architect directly, guided by the results previously achieved 
fh be is considering. When » competition is necessary or desirable 
be of mach form as to establish equitable relations between the owner 
feapetitors. To insure this: 
mqonuruexrs should be clear and deémite, and the statement of 
pit must be in technical terms, should be drawn by one fasailiar with 
k 
eomretency of all competing should be aseared. The drawings sub 
Leompetition are evidence, only in part, of the ability of the architect 
the building, ‘The owner, for his awn protection, should admit, to 
tition only those to whom be would be willing to entrust the work; 
fren of known honesty and competence. 
AGxEnERier between the owner and the competitors should be defi- 
formes a plain statement of business relations, 
JoDGMENT should be based on knowledge, and since Ideas presented 
Ko drawings are intellixible only Co a trained mind, judgment should 
Hered tuntit the owner as received competent technical advice ax to 
lof those ideas. 
lupe To Insure the best results, 2 competition should have (1) a clear 
(2) competent competitors, (3) a business agreement, (4) a fir 


fears ago (1900) many cumpetitions bad none of these provisions and 
bef them. The commonest form of competition was ome that was 
\ had a peogramme prepared by  lay:nas, was jaded by the owner 
pfewional assistance, ceastained no agreement, and made nu provisiees 
te the incompetent. All this demanded correction. The Institute, 
beans of reform, perceived at once that its relation to the owser eouldl 
D ADWISORY cor, It might advise him how to hold « competition, 
hd go no further. To architects in general the Institute could 
leeume to offer even its advice, but being « prulessional body 
th maintaining ethical standards among its own members, Its duty 
thet they did not take part in competitions Uhat [ell below 4 ronson: 
rd. 


Bherefore, voted in conventios of the Institute that members should 
take part in competitions caly when, their terms had reosived the 
ov Tum Teexrtvre. Thereupon the Institute felly stated the prin= 
th should govern competitions and desined the conditions prereqlalt 
hig of its approval. These are contained ia the CrnctiLar oF ADVICE 
Ving, whieh ts intended as a guide to all who are interested in eom- 
Committors of the Inairote throeaghout the commiry are authertted 
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‘@ to adlvise those who hold the competition as to its form and 
D the programme, to advise in choosing the competitors, to 
Wong, and to conduct the competition. 


orms of Competition. ‘The following forms of competition 


his form, participation is limited to « certain number of archt- 
# should be stated In the programme and to any. con ot ster 
hg to entrust the work, In a Linrrkn Commeterion the com 
thosen (a) from among architects whose ability is so evident 
iguiry into thelr qualifications is needed, or (b) from among 
ake application accompanied by evidence of their education 
‘The limited form has the advantage that the owner and the 
ler may most competitors and discuss the terms of the com- 
m before the issuance of the programme. Form (a) is the 
{ direct form of competition. 
stitute believes that @ competition oreN To ALL who wish to 
at regard to their qualifications is detrimental to the interests 
lofarchitects. It will, therefore, give its approval to that form 
vted fa two stages, since by that means alone it is possible to 
of submission while safeguarding the owner's interests against 
fnner of a person lacking the qualificatloas set forth in Article 
jis form there FIRST SEAGE open to all, in which the com- 
are of the slightest nature, involving only the fundamental 
on. These: daring are accompanied by evidence of the com= 
fn and experience. From the first stage a small number who 
‘strated their competence to design the work and to carry it 
‘xecution are chosen to take part in a FOAL and strictly ANoNY= 
ving competitive drawings of the type indicated in Article (8) 








fualification of Competitors. The interests of the owner 
prejudiced by admitting to a limited competition or to the 
b open competition any architect who has not established to 
f the owner his competence to design and execute the work, 
ped that by admitting all who wish to take part some unknown 
mor may be found. If the object of a competition were a set 
teasoning might be valid, But sketches give no evidence that 
the matured artistic ability to fulfil thelr promise, or that he 
knowledge necessary to control the design of the highly com- 
i equipment of a modern building, of that be has executive 
lain, of the force to compel the proper execution of contracts, 
ten been made to defend the owner's interests by associating 
bility with one lacking in experience. Those have generally 
}- As the owner should feel bound, mot only tegally, but in 
(retain as his architect the competitor to whoen Ube awanl is 
fal that the competitors in a Umited competition, o¢ in the 
Lopen competition, should be selected with the greatest care fa 
the professional adviser, and that there showkd be Included 
architects in whose ability and integrity the owner has abso- 
ad to any one of whom he & willing to eatrast the work 

umber of Competitors. Experience has demonstrated that 
(ne comrersrors is detrimental to the success of 4 compet. 
are many, each knows that he has bat a alight chance of 
Unerefore low aroused ( bis best effort thar when there are bat 
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fer able and shoold raaie cols. to patios» 
Je om an pombe and shold ie) 
Programme, but it ka 


owner struct the of 
ese ie ont nected over hie peel co 


ives; if the latter, name the is ee ae state how apa author= 
yes, andl define its scope. 
be the ind of cpt to be instituted, and in Umited competitions 
‘competitors; or in open competitions, if the competition is limited 
ly or otherwise, state the limits. 


cept with the unanimous consent of the competitors. 
‘exact information as to the sites 
the desired accommodation, avolding detail. 
taitic the cost if it be fived or, better, limit the cubic contents, 
‘eniform requirements for the drawings, giving the number, the seale 
§. and the method of rendering. 


the members of the jury or provide for theie selection. . Delime 
send duties. If for legal reavons the jury may: not make the final 
auch reasons and in wham such power Is vested. 

d Sai gep dep gerne data 


certified that it does not violate any mandatory req) 


that during the competition there shall be no 
‘Te-betymen, any competitor and the owner, hls 


Set a date after which no questions will 
\ the gumbse and amount of payments to competitors 

that the professional adviser shall send a report of the competl= 
competitor, including therein the report of the Jury. 

de that no drawing shall be enitital ee ade cB: antl after th 


tr the taf wae devas thle ats 


on Bee fii ibaa toy of WS waa Sige designs shall be 
consent of, and compensation to, the author of the design in which 


the contract between the owner and the com, 
bd Comtract between the owner and the Seah tah the 
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ee ela ee een the 
relation to competitions for work to Ne coal ols och 


| of the chapter is xx-orvicto chairman of the subeommittee, 
bees of which he appoints The subcommittees derive 
the Institute and not from the chapters, aecelea ie 
abcommittee may be made to the standing committee. The 
Utee may approve, modify or asnul the decison ef « subpam- 


stitute's Approval of the Programme. The appeoval of the 
given to @ programme unless it meets the following esential 


¢ ben professional adviser. 

competition be of one of the fn descr in Ati (3), 
programme contain an Acukewext and Coxprrioys or Cow- 
architect and owner in conformity with those pane tn the 
5 circular, that it include no provision at variance therewith, 
rms of payments in accord with peal seis edhe aos 
(the nature of expert engineering seevices for which the architect 


ed 
programme make provision for a jury of at least three persons, 
programme conform in all particulars to the spicit of this cle- 


ive the approval of the Institute to a programme containing 
Power to glve approval In such cases fs, however, vested only 
jttee. The professional adviser, whea duly awthorieed 

proper committee, may print the a ppeoval ae 
me of otherwise communicate It to these invited to 


Agreement betwoon Owner and Competitors 


the submisdon of drawings tn this competition (here invert 
or of the body duly authorized to enter into comtmete 
}), hereinafter called the ownnE, agtces with the competi- 
that the owner will, within . « days of the date 
drawings, make an award of the comenission to design 
forming the subject of this competitioa to one of, those 
drawings in consonance with the oe require. 
aad will thereupon pay him, on accoum of Bis services 


his total estimated fee ax stated below. 


aid until such contract is exncuted to be bound 
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member to take part in any competition which does not met those 
b eonditions, and the programme of which has not been specifically 
fd. A competition should be of such form as to establish equitable rela- 
jtween the Owxra and the Cowreritoa. To insure this, the require- 
evuld be clear and definite; the competency of the Compertrors should 
feds the agreement between the Onwee and Comperitors should be 
[a Becomes a plain statement of business relations; and the judgment 
he based on expert knowledge. ‘The following programme will, if adhered 
Haly approved by the Institute Suscomurrrees ow Conrermions for 
Weuas chapters of tho Institute, and by the Staxpinc COMMITTEE OW 
fexaoscs of the Institute 








Programme of Competition for 


(Insect name of proposed Hulliding) 


[Throughout this programme the word Owwwx is used to Indicate either the 
[iperson, of those to whom he has delegated his powers 


PART I 


Proposed Building. The auntesee 
(lssert name of owner) 


(s to erect a new 


(fesert aasve of builiog) 
ite at . , “ 
(Insert lecathon) 
ity. The 
. (Insect name of ower) 


re , 
(lasert name ot names of individuals) 
> prepare the plans for, and supervise thp 















fo telect an Ancrrecr 
‘of the building 

If wetboelty for the erection of the yeoneded building ts granted by set ot 
‘ordinance, ete., IC Is desirable to make clear the seutce of wich wuthoehy. 
tural Adviser. The Owwen has appolated as his expert Pxo- 
Aw Anvisi 





Mlnsert mame and abies of adviser} 
t as his Apvasex in the conduct of thls 





this programme and to 


No competition shall be instituted withowt the abl of 4 competent gibyteen, 
be an architect of the highest stacsting aint his seheetiom shel be the Ow Ki 
Mle shoukt be chosen with the greatest care, as the paccess of the competition 
petieace and ability. The daties ot the expert anf te 

ition in egnat to Its form ste ferme 
TrTveS, to anwar bmralren 









to direct the come 
[Competitors. Participation in this competition ty Ibmited 


the following arcurrects: ‘ 
(Tesert names of invited competitions) 
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he report of the Jou ant will thereupon, without learning the identity of the Com- 
ima, select as the winner of the competition the author of the design selected 
FRY, Unless in bis judement there be cause to depart {rom such selection, In w! 
‘wild, still without learning the identity of the Cosrerrrons, select One of the other 
fe submitted in competition. The Owsten further axrees that he will pay to the 
E off the design designated as most meritorious by the Jury, in ease he should not 
Ancarrecr of the building, a prize of $ 





‘(State amount of prize) 
[opening of the envelope containing the name of the author of the design selected 
} Owrera will nutomatically close the contract between hitn and the Owsees, puriuted 

fe MET hereol. 
mination of Designs and Award. The Prornssionat Apvise will 
me the designs to ascertain whether they comply with the mandatory re- 
fments of the programme, and will report to the JURY any Instance of failure 
imply with these mandatory requirements. The Owxea further agrees 
the Junx will satisfy itself of the accuracy of the report of the PRowEssi0%AL 
Hx, and will place out of competition and make po award to any design 
does not comply with these mandatory requirements. The Juxx will 
hay stody the programme and any modifications thereof, which may have 
through communications (see Section (r2)), and will then consider the 
‘designs, holding at least two sessions on separate days, and consider 
E each semlon all the drawings in competition, and will make the award, 
{he classification of prizo-winners, if prizes are given, by secret ballot, and 
lnjority vote, before opening the envelopes which contain the names of the 
feetrroas, In making the award the Jury will thereby affirm that it has 
Pia’ effort to learn the identity of the various Cowerrrows, and that &t has 
fined jin Ignorance of such identity until after the award was made. ‘The 
‘Of the cavelope containing the name of the author of the selected design, 
tically close the contract between him and the Owns, peinted as 
hereof. 


Report of the Jury. The Juny will make a full report which will state 

for the selection of the winning design and ts reason bar the classifica 

the designs placed next in order of merit. and a copy of this repent, accom 

by the names of prizewinners, if prizes are given, will be sent by the 

1, Apvisex to cach Courerrox. Immediately upon the opening 

envelopes, the Pxoressionar Avvisen will notify all Competitors, by 
ol the result of the competition. 


}. Compensation to Competitors. The Owxtx agrees to pay to the se 
Courerrror within ten day's of the judgment, on account of his feo for 

Ges &s ARCHITECT, one-tenth of his total estimated fee. 

[Mull discharge of his obligation to them (in case peines or fees are offered), 








agrecs: 

"Eo pay the following prizes to those ranked by the Jiu next to the suc 
[al deden: To the design placed second $ , to the deslga placed 
a... , to the design placed fourth $. to tho design placed 
seova @t6, within ten days of the judgment, or 
W} qo pay to each of the Concrerrrons invited to take part lis this competh 
[jother than the successful Courerrron, a feo of $, within ten days 

Judgment. 

Exhibition of Drawings, Tt ts agroed that no drawings shall be ex- 
for made public until after the award of the Juay.. ‘here will be a public 
of all drawings alter the judgment, and all drawings, except those 
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=  (Mandatory,) For tho purpose of this conrpetition the cost of 
‘shall be figured at.........cts per cu ft, and the total thereof 
(insert number) 
Gis basis shall not exteed...,....... Sree . 
(Clnsert fimit of cost) 


age. (Mandatory.) Cubnge shall be so computed as to show as 
fasible the actual volume of the building, calculated from the finished 
‘sof the lowest door to the highest points of the roofs, and contained: 
tele surfaces of the walls. Pilasters, cornices, balconies and other 
‘setions shail not be included. Portions with engaged columns and 
‘tions shall be taken as solids and figured to the outer face of the 
then columns are free-standing, one-half of the volume of the porti- 
taken, ‘There shall also be included fn the cubage the actual volume 
Mts, towers, lanterns, dormers, vaults, and other features adding to 
the building,,also the actual volume of exterioe steps above endo, 
if'mn area of lows than 400 sq fe shall not be deducted. In calculat- 
ceount shall be taken of variations in the exterior wallsurface, as 
the projection af x basement-story beyond the general line of the 
‘figured diagram showing method adopted in cabling shall accom 
t of drawings. 
wings. (Mandatory.) Tho drawings submitted shall be made 
(the following list, at the scale given, and rendered se noted; aml 
irings then these shall be subsnitted: 





"Pett Hist, scale and method of reoetiog) 


Be dnwwings submitted should be the least mumber necessary to set forth 
ution of the problem, aad the scale of these drawings the smallest cine 
erequirement that the intention of each Coxcretrrom be made clear to af 

Where the number ant scale of deawings is reduced to the mlulmur, aid 
Us of rendering imponedl, the Conrntrroas are enalded to devote theie time 
Fithe study of the problem, which is the serious businew of « sompetition, 
8 deaughtemanship and rendering. wbich when carried Leyonil « certaln 
de value whatever in determining the fitness of the Conmerrros to hamitle 
fecting the building, for which the competition & being held. 


PART Ot 
Agreement between Owner and Competitors 


tration of the submission of drawings te thix competition, anit the 
Rises enwemerated in the subjoinad Coxmirions Or CONTRACT WE- 
reer Any Owwke the Ownes agrees, and each Competrros agrocs 
be made in bis favor, Immediately to eater into a contract contain 
oxmrtPons here following, and antil such contract ts exerwted, to be 
© said Comprrions. 





ditions of Contract between Architect and Owner 
Duties of the Architect 


The axcurrect b to design the entire boildiag anil its tmme- 
Beings and is to design or direct the deiien of its constructive, 
and decorative work and its fixed equipment and, if further re- 
rable furniture and the treatment of the remaindor of its groumda, 
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ANDARD DOCUMENTS OF THE AMERICAN 
INSTITULE OF ARCHITECTS* 


y Notes. This introductory paragraph is from an articlet by Re 
{s, President of The American Institute of Architects. “Hor many 
and owners have commonly used an agreement recognized as in- 
mperfect, and one apt to tead to serious misunderstandings, if not 
ties. Architects entrusted with important work and its accom 
Isibilities have endeavored to have agreements deavn which would 
eguard the interests involved. When, some nine years ago (1997), 
ttempted to prepare a new standard agreement, it found al 
erable number of forms prepared by architects, differing in detail 
‘one main point. ‘This one paint was that the contract and the 
he contract should be treated as two branches of the same agree- 
ne-document, nor yet as two. ‘The contract was to be as brief as 
gsimply what the obligation was. ‘The conditions of the contract, 
id involved, yet ewential to the contract, were of necessity ope 
thy. The most difficult part of the work, surveying the field and 
he way, was done by the Committees on Contracts and Specificas 
he years 1906 to 1911, and resulted in the first edition of the 
taxers, published in 1911. At that time some thought the peob= 
hers thought it but an important step forwand; which latter proved 

‘These first documents, excellent ax they were as text-books, were 
everyday use, The Institute again took up the problem, this 
definite alm to produce a document which should entirely replace 
greement when the contract for its publication expired im May, 
4s been done and the carefully studied Ackexanoer and CoNpa= 
cowneacr presented to the convention in December, gia, have 
died and improved and are now (1915) on the market for general 
al study between January and May, 1gt5, the Institute had the 
ecodperation with representatives ot many of the building trades 
€ of counsel representing the Institute and counsel representing 
‘alles. The document, like its predecessor, will now come to the 
two. It will prove to be imperfect and revised sections will be 
it is believed to be in tho main a fair and comprehensive agree 
that is practical and fit for general use, Architects everywhere 
$0 azxd test this form, and criticim trom owners and builders will 
ted and considered, In addition to this most important doe 
mittee has prepared and the Institute has published a form of 
Wor AccKPTANCE by a contractor of a seb-contractor's bid, and am 
‘tween a conttractor and sub-contractor, Many architeets whe bave 
which a bond has been required have been surprised at the ese 
obligations of the bond could be evaded. In most cases, because 
itect, contractor, or owner, had invalidated the bond. ‘The new 
is prepared for insuring, as far as poosible, that the bonding com 
charge its obligations and’ protect the owner who pays for this 
the RETIRE mOW CONTHACTOR To SUI-CONTRACTOR te intended 16 
ile form whereby the mutual obligations of the two shall be cbeatly 
AGREEMENT BLTWEEK CONTWACTOR AND AUD-CONTRACTOR accom> 
ne purpose in a somewhat more formal va 
































{hy penminain of The Aveeican Tstitete of Arcbivects. 
Vin the Journal uf The Amicican Inatitate of Architects, June, 1915. 








Standard Documents 16 


feineicATIONS, It Is however, wise to assemble thech in a sigle 
fod Albee they have as much bearing on the DRAWENOS a8 on tbe 
dus, and even more on the Wusiness relations uf the contencting 
fare properly called the GRXERAL CONDITIONS OF THY CONTRACT. 
EMER, GENERAL CONDITIONS, DRAWINGS ANU SPECEICATIONS are 
fat clemonts of the contact und are acknowledged as such in the 
they are correctly termed the coxTAcT DoctumTs. Statements 
‘one of them are just as binding ax if made in the Acememesn, (The 
brms, although intended for use in actual practice, should alse be 
fb code of reference representing the judgment of the Institute 43 to 
lites good practice and as such they may be drawn upon by archi~ 
roving their own forms. Although the forms are suited for use in 
With/a single or general contract, they are equally applicable to aa 
feducted under soparate contracts, 


the Standard Documents and Approval of Same. The new 
bewamvers of Thé American fnatitute of Architects are now on sale* 
A office and draiting-supplies in all the large cites of the country; 
the old csrrobae tonteact which isto be discontinued. The fellow- 
idles of the sraNDARD DocumeNTS: A. 1. FoRM or Ammen AND 
at Conpinions or riz Contract. B. Bonn ov Sexerysitin. Cy 
Wnoowrracr. 1). Lerrex oF AccePraxce or ScncoxTesctoa's 
A cover in heavy paper with valuabe EXPLANATORY Nowe is sent 
fe with each complete set af the documents of with exch copy of 
PAGREEMENT and GENERAL CONDITIONS OF TIEE CONTEACE.. These 
pave received the full approval of the Institute, through its oom 
dof directors and officers. They are the outcome of nine years of 
work by « Standing Committee on Contracts and Specifications, 
(tee, comprising some of the ablest American architects, was assisted 
ite’s forty Chapters; advised by eminent legal specialists In com 
Galded by representatives of the Building and Trade Astociatinns 











} Architects, Huilders and Contractors. ‘The conrmact forth may be 
¥_ot in lots from the usual dealers. If your dealer canst supply you cod 
Whis namie to The Seeretary, A. L. AL The Oxtagoes; Washington, De Ci All 
(clude tho necessary remittance irrespective of A. 1. A. membership and iene- 
immoeecial standing of purchaser, The Institute has adopted these chsm 
Which no exception will Le made to anyboly, in otder to redoce cont Of 
Ind thereby reduce expense to the user. Remittances may be by check, 
cash, or stamps All prices are fo. & Washington, D.C, Ef small bets are 
Dateel-poot intend ef expren, add 4 ct (Of AORREMIS and GENERAL eMC 
ef apiece for each of the other forms accoeding to quarity ordered; other 
[will be made by express, collect. 

Single Copies: Agreement and General Conditions In cover, $0.10} Basil 
[fo02; Form of Sudcoatmct, $oroa; Letter of Acceptance of Subcratmnce 
|, 82-02; Complete set in cover, fons. A Trial set will be delivered epen 
F a-cent stamps, 


Quantities and Discounts to Architects, Nullders and Contractors. 
patities are subject to the following diicounts (whieh are also given ly all 








(of 100 (one kins or amorted): 10°% en lots of gno (one kind oF nimorted)) 18% 
1 (ame kind or assorted). As these oocewioyts are peated on binge sheets ad 
lties, they cannot be supple with any indivibual names oF qwinting dierent 
fad Forres. ‘The Inatitute dew wot wish to encourage the use Of the AGRE 
(ers! cocstitines other than thone eedborwed by Ut, bat recrumet will wll the 
[parte frum the STANDARD GENERAL CONDIFHONS at 4 els each 
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dor herein repeated; and that the following fs an exact enumera- 
celfications and Drawings: 

=. Dhirtyive bleak ines)... 
ctor and the Owner for themselves, thele sUCOESSOrS, ‘executors, 
[acento hereby agree to the full performance of the covenants 


he WHEREOF they have hereunto set their hands and seals the 
first above written, 
{ 


Deer's witnesum) fas wo. 





+ (Repeated for Owner)... . (SAL) 


{£ GENERAL CONDITIONS OF THE CONTRACT * 
ARD FORM OF THE AMERICAN INSTITUTE OF 
ARCHITECTS 


{been approved by the National Association of Builders’ Exchanges, The 

ation of Magter Plumbers, and the National Asociation of Master Steams 

Witters, 

DITION, COPYRIGHT 1915, NY THK AMERICAN INSTETUTE OF 
AMCILIEECTS, THE OCEAGON, WASHINGTON, BC 


Tadex to the Articles of the General Conditions 


i 24. Changes in the Wark, 

ie 35. Claims for Extra 

‘pil Enstructions. 26. Apptications for Payments. 
urwishest. 277 Certificates and Payments, 
wings. 38. Payments Withbeld. 

$100 the Work. 79. Liens. 

ip of Drwwings. ye Permits and Regulations. 


St. Royalties and Patents. 
52. Use of Premines. 





83. Cleaning ap. 
i I 34. Cuttiog, Patching and Digging. 
(Labor, Appliancos. 35. Delays. 
(a of Work, 9. Owner's Right to Do Work. 


fo Welore Final Payment, 37. Owner's Right to Terminate Conteset, 
(os for Uncorrected Work. 8. Contractor's Right to Stop Week oe 





fa After Final Payment ‘Terminate Contract, 

fof Work and Property, 39. Damages. 

ies. 40, Mutual Rewponaibility of Contesctors, 
to Pervons. 41. Separate Contracts, 

Insurance. 42. Assignment. 

range 4% Sabeontrscts. 

¢ Monds, 44 Relations of Contractor and Sabcoa- 
Dwunces, temetor. 


45. Atbiteation, 


‘inciples and Definitions. 
(atract Documents consist of the Ajreement, the Genoral Con- 
» Contract, the Drawings and Specifications These form the 


inet, the Contmactor and the Architect are those named as stich ity 
t They are treated throughout the Comtmct Documents as if 
he singular oumber and masculine gender, 


iblisbed by permission of The American Institute of Anchitects, 
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(still freed upon them with reasonable promptness ‘The Con- 
hy Corrections required by the Architect, fle with him t 
and furnish such copies as may be needed. The Architect's 
drawings or schedules shall not relieve the Contractor from 
deviations from drawings or specifications, unless be has in 
¢ Architect's attention to such deviations at the time of sab- 
it relieve him from responsibility for exroes of any sort im shop 
Jules, 





ings and Specifications on the Work. The Contractor shall 
f all drawings and specifications om the work, In geod order, 
\rchiteet and to his representatives, 
teuhip of Drawings and Models. All drawings, specifications 
F furnished by the Architect are his property, ‘They are wot to 
work and, with the exception of the signed contract-set, are to 
ft 04 request, ut the complletion of the work. All mocbels ane 
ho Owner. 
les. ‘The Contractor shall fatnish for approval all samples as 
‘ork shall be fn strict accordance with approved samples. 
Architect's Status. ‘The Architect shall have general gaper- 
‘on of the work, He is not the agent of the Owner, except as 
‘ntract documents and when in special instances he is authorized 
to act, and in such instances he shall, upon request, show the 
sm authority. He has authority to stop the work whenever 
& be necowsary to insure the proper execution of the Contract. 
fnination of the employment of the Architect, the Owner shall 
and reputable Architect, whose status under the contract shall 
mer Architect 
Architect's Decisions, Tho Architect shall, within & reason 
Seclsions om all claims of the Owner or Coatractor and on all 
iting to the execution and progress of the work or the interpri 
tract documents, Except 23 may be otherwise exprenily pro: 
ded to thes: General Conditions or as particularly set forth in 
call the Architect's decisions are subject to arbitration, 
man, Supervision. ‘The Contractor shall keep on the work a 
Hforeman and any necessary assistants, all satiséactory’to the 
feneni! foreman shall not be changed except with the consent 
‘The foreman shall repeesent the Contractor ta bis absence 
given to him shall be as binding a9 if given to the Contractor, 
it sucly directions shall be confirmed in writing to the Contrac 
ctor shall give efficient sepervision to the wurk, using his best 
tHe shall carefully study and compare all drawings, specie 
Jnstructions and shall at once report to the Architect aay exror, 
mmission which he may’ discover. 
rials, Labor, Appliances. Unies otherwise stipalated, the 
frovride and pay for all materials, Labor, water, tools, equipment, 
necessary for the execution of the work. Unless otherwise 
trials shall be now and both workmanship and materials shall 
¥. The Contractor shall, if required, furnish satislactory exi- 
ih and quality of materials. The Coatractor shall not employ 
Unfit person of anyone not skilled ia the work assigned to him 
ection of Work. The Owner, the Architect and their renee 
(all times have access to the work wherever it is in preparation 
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igation to save the owner harmless and indemnify bim from 
ability or payment (voluntary payments excopted), by reason 
jay person or persons, Including death, suffered through any act 
te Contractor or any Subcontractor, or anyone directly of In 
Aby cither of them, in the prosecution of any work included in 


vility Insurance. The Contractor shall maintain stich fnsur~ 
et him from claims under workmen's compensation acts and from 
‘for damages for personal injury, including death, which may 
tions under this contract. Certificates of such insurance shall 
Owner, if be so require, and shall be subject to his approval for 
ection, The Owner shall be responalble for his own contingent 


Insurance. The Owner shall effect and maintain fire ingsur- 
itire structure on which the work of this contract is to be done 
‘eflals, tools and appliances in or adjacent thereto and ae 
to at least eighty per cent of the insurable value thereof, 

‘be made adjustable with and payable to the Owner as "Truce 

eoncem. All policies shall be open to inspection by the Can= 
Owner fails to show them on request. ot if he fails to effect oF 
ict as abowe, the Contractor may insure his own interest and 
hereof to the Owner. I the Contractor is damaged by failure 

maintain stich insurance, he may recover under Art. 39. # 
\g by any party in interest, the Owner as Trustee shall, upon the 

§) eive bond for the proper performance of his duties. Me shall 
4. received from insurance in an account separate from all bis 
he shall distribute it in accordance with such agreement 48 the 

(may reach, or under an award of arbitrators appolated, ome by 
ter by joint action of the other parties in Interest, all other pro- 
(econfance with Art. 45, If after loss no special agreement is 
at of injured work shall be ordered under Art. 24. The Trustee 
to adjust and settle any loss with the insurers unless one of the 
ested shall object in writing within throe working days of the 
and! thereupon arbitrators shall be chosen ax above. ‘The 
shat case make settlement with the insurers in acooedance with 
such azbiteators, who shall alsa, if distribution by arbitration is 
(uch distribution, 4 
tranty Bonds. The Owner shall have the right to require 
© give bond covering the faithful performance of the contract 

of all obligations arising thereunder, in suck farm ax the Owner 
(dl with such sureties as he may approve, If stich bod is the 
tions gives previous to the receipt of bids, the premium shall be 
actor; if subsequent thereto, It shall be paid by the Owner, 

b Allowances. ‘The Contractor shall include im the contrmct 
sesnamed in the Contract Documents and shall cxuse the work: 
fome hy such contractors and for auch sams as the Architect may. 
et sum being adjusted In conformity therewith The Com- 
ig up his béd, shall add such sums for expenses and profit oo 
Mlowances, as be deems proper, and no demand for expenses of 
those inctuuled Av the contract sum shail be atlowed. The Con» 


taequired te employ for any such work 
eo” any: 4 Subcontractor against 
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ho spectications, and of all claims by the Contractor, except those 
de and still unsettled. Should the Owner fail te pay the sus 
kertificate of the Architect or in any award by arbitration, upc 
due, the Contractor shall receive, in addition to the sum named 
6 interest thereon at the legal rate in force at the pilace of building. 
tyments Withheld, Tho Architect may withhold or, on eccownt 
(discovered evidence, nullify the whole or a part of any 

{protect the Owner from loss on account of: 

€ work aot remodied, 

ied or reasonable evidence indicating probable filing of claims. 
4 the Contractor to make payments properly to subcontractors 
or labor. 

(able doubt that the contract can be completed for the balance 


£ Above grounds are removed certificates shall at once be issued 
{thheld because of them. 


@ms, Neither the final payment nor amy part of the retained 
I become due until the Contractor, Hf required, shall deliver to 
implete release of all lions arising out of this contract, or receipts. 
Joreof and, if required in either case, an affidavit that the releases 
clude all the Jabor and material for which a lion might be filed; 
(ctor may, if any subcontractor cufuses lo furnish a telease oF re 
Anish a bond satisfactory to the Owner, to indemnity hin against 
len or otherwise. If any Hen or claim remain unsatistiod after all 
taade, the Contractor shall refund to the Ownor all moneys that 
be compelled to pay in discharging such lien or claim, including 
Teasonable attorney's fee. 

trmits and Regulations. The Contractor shall obtain and pay 
(and licenses, but not permanent easements, and shall give all 
(fees, and comply with all laws, ordinances, reles and regulations 
work. If the drawings and specificitions are at variance thero- 
tractor shall notify the Architect in writing before the work is 
the value of any necessary changes shall be adjusted ander Art, 
the Contractor's work shall be done contrary to such laws, ordi- 
(od regulations, without such notice, he shall bear all costs arising 








oyalties and Patents. The Contractor shall pay all royalties 
and shall defend all suits or claims whatsoever for infringement 
tights and shall save the Owner harmless from boss om account 


Be of Premises. ‘The Contractor shall confine his apparatus, 
faaterials and the operations of his workmen to fimits indicated by 
permits, or directions of the Architect and shall not encember 
fith his esaterials, The Contractor shall sot load or permit any 
fuctre to be Soaded with a weight that will endanger its safety, 
We shall eaforee the Architect's instructions eegarding signs, ad 
res and smoking. 

leaning Up. The Contenctor shall at all times keep the premises 
tavelations of waste matorial or rubbish caused by his enplaycet 
(the completion of the work he shall remove all is ewbbish trom 
building nnd all his tools, scaffolding aed surplus materials, anit 
work clean and ready Jor use. Ig case of dispute the Owner may 
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38. Contractor's Right to Stop Work or Terminate Contract. [If 
Esshould be stopped under an order of any court, for a period of thece 
through no act or fault of the Contractor orof anyone employed bye him, 
|Qwner should jail to pay to the Contractor, within seven days of its 
Fand presentation, any sum certified by the Architect or awarded by 
jms then the Contractor may, upon throe-days' written notice to the 
Jud the Architect, stop work or terminate this contract and recover from 
ler payment for all work executed and any logs sustained upon any plant 
Hal and reasonable profit and damages. 


fp. Damages. If cither party to this contract should suffer damage by 
‘otherwise, except as provided in Art. 49, because of any act or neglect 
(bee party or of anyone employed by him, then he shall be reimbursed 
her party for such damage. Claims under this clause shall be made in 
jo the party liable withis asonable time of the first observance of such 
lind not later than the time of final payment, except in case of claims 
Flicle 16, and shall be adjusted by agreement o¢ arbitration. 


(@ Mutual Responsibility of Contractors. Should the Contractor 
[ie e)) cause damage to any other person (sce Art. 1 (¢)) employed on the 
Contractor agrocs, upon duc notice, to settle with such person by agree 
arbitration, if such person will so settle. If such person sues the Owner 
int of any damage alleged to have been so sustained, the Owner shall 
be Contractor, who shall, at his own expense, defend such proceedings 
(ay judgment against the Owner arise therefrom, the Contractor shall 
fatisfy ft and pay all costs incurred by the Owner. ‘The Contractor, if 
[by any person held to the Owner by stipulations such as the above, 
J settle with such person by agreement or arbitration and in no case to 
Dwnee on account of such damage. 

ft Separate Contracts. The Owner reserves the right to let other 
Win connection with this work. The Contractor shall afford other con: 
‘Teasonable opportunity for the introduction and sternge ef thelr ma- 
hd the execution of their work and shall properly connect and coprdinate 
bwith theles. Lf any part of the Contractor's work depends for proper 
for results upon the work of any other contractor, the Contractor shall 
ind promptly report to the Architect any defects in such work that render 
lable for such proper execution and results. His failure so to inspect amd 
fall constitute an acceptance of the other contractor's work as fit and 
bir the reception of his work, except as to defects which may develop ia. 
fe contractor's work after the execution of bis work. To insure the 
brecution of his subsequent work the Contractor shall meassre work 
Ie place and shall at once report to the Architect any discrepancy be- 
be executed work and the drawings. 

fa Assignment. Neither party to the Contract shall asalgn the con- 
thout the written consent of the other, nor shall the Contractor assign 
Jey's due or to become duc to him hereunder, without the previous written 
of the Owner. 

43 Subcontracts. The Contractor shall notify the Architect in writ- 
je names of subcontractors proposed for the principal parts of the work 
‘uch others as the Architect may direct and shall not employ any that 
bitect may within » reasouable Lime object to ‘as incompetent or unfit. 
itrmcter may in his discretion or shail, i so required, submit with his pro- 
Batol sabcomiracturs II the change of any’ natae on such Bist is re- 
(Permaitted alter sisuature of agreement, the coatract price shall be 














& 
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Contractor to the Sobeatitractor during the first teti days of the calendar 
floowing that in which the claim originated, 

[To give the Subcontractor ait opportunity to be present and to submit 
fein any arbitration involving his rights: 

Po mame as arbitrator under Article 45 of the (General Conditions the per 
fainated hy the Subcontractor, if the sole cause of Aispiute i the work, 
lls, rights, or responsibilities of the Subcontractor; af, if af the Sub- 
Htor and any other subcontractor jointly, to oame as such arbitrator the 
lapon whom they agree. 

{Contractor and the Subconteactor agree that: 

[a the matter of arbitration, their rights and obligutions and all procedure 
analogous to those set forth in Article 45 of the General Conditions. 
ting in this Article shall create any obligation on the part al the Owner to 
‘OF to see to the payment of any sums to any Subcontractor. 


45. Arbitration. Subject to the provisions of Article ro, all questions 
ite under this contract shall be subniitted to arbitration at the choice of 
pasty to the dispute. ‘The general procedure shall conform to tbe laws of 
Wte im which the work lies and wherever permitted by law the decision of 
Hitrators may he filed in court to carry it into effect. ‘The demand for 
Hon shall be filed in writing with the Architect, in the case of am appeal 
ESdecision, within ten days of its recelpt and tn any other case within & 
Ube time after cause thercof and in no cage later than the time of mal 
BE, Except a4 to questions arising under Article 16. If the Architect fails « 
t.a decision within a reasonable time, an appeal to arbitration may be 
ha If his decision had been rendered against the party appealing. The 
may agree upon oe arbitrator; otherwise there shall be theee, one tamed 
(mig yy each party and the third chosen by these two arbitrators or, Hf they: 
elect « third within ten day's he shall be chosen by the presiding officer of 
irest: Bar Association. Should the party demanding arbitration fall to 
Inarbiteator within ten days of his demand, his righe toarbitration shall 
|Sboald the other party fail to choose an arbitrator within stich term day 
fehitect shall appoint such arbitrator. Should either party refuse or 
|e supply the arbitrators with any papers or information demanded fix 
huthe artiitrators are tmpowercd by both parties to take eb-Perte proceed = 
Whe arbitrators shall act with promptness, “The decision of any two shall 
fing on all parties to the dispute. ‘The decision of the arbleeators supe 
Heition subject to arbitration under this contract stall be & condition 
HOt to any right of legal action. ‘The arbitrators, they deem that the 
mands it, are authorited to sward to the party whose contention §6 sus 
‘mich sums as they shall deem proper for the time, expense and trouble 
it to the appeal and, if the appeal was taken without reasonable caine, 
fs for delay. ‘The arbitrators shall thx their own compessation, unio 
Bee provided by agreement and shall assess the costs and charges of the 
Bb upon either or both parties. The award of the arbitrators must be 
|i ad, if fo writing, shall oot be open to objection on account of the foen 


proceedings or the award. 
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tech and Sealed this coves day of... 
feence of 








[Repeated three times) fate 
€. THE STANDARD FORM OF SUBCONTRACT * 


(e GSr my ConxxcTION Wit TIE GENENAL CONDITIONS OF Tim CON- 
PRACT AS ISSUED DY THE AMERICAN DSSTITUTE OF ARCHITECTS 

[form hax been approved ty the National Association of Builders’ Rackanges, The 
Associati 


mm of Master Plumbers, and the National Asociation of Master Steam 
ters. 









Water 


SOPNEIONY 1915 BY TIE AMERICAN INSTITUTE OF ARCHITECTS, Tite 
OCTAGON, WASHINGTON, D. ©. 





IS AGREEMENT, made this.......,....,-. day of 19.. 
between rhe : hereinafter called 
Hbcontractor and Weue sd pWededaes 





{after called the Contractor. 
TNESSETH, ‘That the Subcontractor and Contractor for the considera- 
hereinafter named agree as follows: 

tion t. The Subcontractor agrees to furnish all material and perform all 
jas dexcribed in Section 2 hereof for (ilere name the kind of building.) 
‘Blank lines). * . 

(Here insert the name of the Owner,). 












fier ealled the Owner, at... (Here insert the location of the woth), ..... 


fordance with the General Conditions of the Contract between the Owner 
be Contractor, and in accordance with the Drawings and the Specifications, 
red by. . hereinafter called the Architect, all of 
{ General Conditions, Drawings and Specifications signed by the parties 
(oF identified by the Seis form a part of a Contract between the Coa 
je and the Owner dated -19.. and berehy become a part of 
Jontract, 








Qtion 2. The Subcontractor and the Contractor agree that the materials 
MGrnisbed and work to be done by the Subcontractor are (Here imert « 
edeseretho of the work, preferably by releeence to the amber. the Deustagn 
fem of ie Staton) 48 ab 
| (Hark tines). 
i 3. The Subcontractor agrees to complete the several portions and 
‘éf the work herein sublet by’ the time or times following: 
lete insert the date or dates and if there be liquidated damages state fae! 


Geers (lank lines), 
Gton 4. ‘The Contractor aigrees th pay the Satcontactar ee the ero. 
ff Bis work the sum of (tank tine) “ 


Front funds, subject to additions and deductions for changes as may te 
@ poo, and to make payments on account thereof in accordance with 
pe s hero. 

etion §. The Contractor and Subcontractor agree to be bound by the 
laf the Gevera! Conitirions, Drawings and Specifications aa (ar as applicable 


*Prtanbet by permission of The American Institute of Architects, 
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[Babeontrtctor entering into this agreement should be sure that not merely 

We Article 44, but the full text of the General Conditions of the Contract 

(ed by the Owner and Contractor is known to him, since such full text, 
Peet herein repeated, is binding on him. 


RCHITECTS’ LICENSE LAW.* STATE OF ILLINOIS 


Act to Provide for the Licensing of Architects and Regulating 
the Practice of Architecture as @ Profession 


Appolntment of a State Board of Examiners of Architects 


ON He It enuctett by the People of the State Of Mlnols, represented 
feral Assembly. ‘That within thirty days after the passe of this act 
[Wernor of this state shall, by the advice and consent of the Senate, appoint 
& Board of Examiners of Architects, to be composed of Give members, 
Jiwhiont shall bo « member of the faculty of the Illinois State University, 
Jeother four shall be architects residing in the State of Ilinols, who have 
htaged ie the practice of architecture at least tea years Two of the sald 
fing Architects appointed as examiners shall bo designated to hold office 

spears from the date of the passage af this act, and the other two, together 
E member of tho facalty sforcsaiil, shall bold office for four years froes the 
fe of this act; and thereafter upon the expiration of the terns of office of 
Feans so appointed, the Governor of the state shall eppoint & successor to 
Jerson whose term of office shall expire, to hold office for four years and 
fmon so appointed shall have the above specified qualifications In cnse 
ldumentiof a successor is not made before the expénation of the term of any 
fi such member shall bold office until his successar is appointed and duly 
fd. Any vacancy occurring in membership of the board shall be filled 
|Goweenae of the state for the unexpired term of such membership. . [See 
Jiind 3 relate to the organization of the board, salaries, eto} 


jminations, Applicants for License to Pay an Examination Fee of $15 
and a License Feo of. $25 


How 4. Provisions shall be made by the board tiereby constituted for 
examinations at least twice in each yoar, of applicants for license to 
architecture, and any person over twenty-one years of age, ay- 

GF a foe of fifteen dollars ($15) to the secretary of the board, shall be 

Mito an examination for determining his or her qualifications. All examl- 

Weathall be made directly hy said board, or a committee of two members 

fied by the board, and due notice of the time and place of the holding of 

fiamissations shall be pubiished, as in the case provided for the publication 

Jiralés and regulations thereof, ‘The examination shall have special refer 

b the construction of buildings, and a test of the knowledge of the candidate 

gtrength of materials and of bis or her ability to make pesctical appllca~ 

[auch knowledes in the ordinary peufessional work of an architect, and ia 

[eles of a supervisor of mechanical work oa buildings, and shold also seek 

Fimine his or her knowledge of the laws of sanitation ax applied to build 

TIE the result of the examination of any applicant shall be satiactery to, 


fettind bey the Fortieth Gencral Assembly at the Reqular Biennial Sesion, Ap- 
MJuse j, 1897, and Lo Force Joly 1, 2897; with Amendments Adooted by the 
Aaseraltr aod Asprored Ap ? 















lar 28, 2911. 
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th to practice architecture without a license in this state, or to advertise, 
tb any siga or card, or other device which might indicate to the public 
tishe is entitled t» practice as an architect." 


Persons Who are to be Regarded as Architects 
©. Any‘ person who shall be ensaged dn the planning ar superetsion 
tetion, enlargement, or alteration of buildings for othars, and to be 
bd by othee persons than himself, shall be regarded as an architect 
 peovisions of this act, and shall be held to camply with the same; 
fug contained in this act shall prevent the draughtsmen, students, clerks 
for superintendents, and other employees of those lawfully practicing 
ts, under Hieense as hercin provided for, from acting under the fastrac- 
fol or supervision of their employers; oF shall prevent the employment 
stendents of buildings paid by: the owners from acting, if under the 
Hdireetion of « licensed architect who has prepared the drawing and 
(ons for the building, The term building in thisact shall be understood 
Fucture, consisting of foundations, walls, and roof, with or without the 
ts}, but nothing contained in this act shall be construed to prevent any 
‘echanic, ot builder from making plans and. specifications for, of sage 
(erection, enlargement or alteration of any: building that is to be com- 
ty himself or employees; noe shall « clvil engincer be considered as ait 
tunless he plans, designs and supervises the erection of buildings, én 
be shall be subject to all the provisions of this act, and be considered 
hitect. 








License Revoked 

10. Architects’ license issued in accordance with the provislons of 
tall remain In full force until revoked for cause, as hereinafter provided. 
be granted may be revoked by unanimous vote of the State Board 
hers of Architects for gross incompetency, of recklessness in the con- 
of brulldings, of for dishonest practiors on Use part of the holder therool 
any licanse shall be revoked such holder shall be ontithed to at fast 
ty’ notice of the charge against him, and of the time and place of the 
@ the board for the hearing and determining of such charge. And oa 
lation of such liconse it shall be the duty of the socretary of the boant 
itice of such cancelation to the county clerk of each county im the state 
the license has heen recorded, whereapan the clerks of the counties 
k the licease recorded in his office “canceled.” After the expiratlon 
ith from the revoration of a Ticenss, the person whose license was 
fay have a new license issued to him by the secretary upon certificate 
and of Examinors, issued by them upon satisfactory evidence of proper 
ie his reinstatement, and upon payment to the secretary of the feo of 
ta (Bs). 

t purpose of carrying out the provisions of this Act relating to the 
of licenses, the board and each member thereof shall have the power 
Ioter oaths, and said board shall have the power to secure by Its sibs 
{h the attendance and testimony of witnesses, and the prodaction of 
{papers relevant to any investigations by the boant for the purpese al 
but the provisions of this Act, relating to the revocation of Moenses, 
(hall be entitled to the same fees a3 witneises in court of record 10 
(like manner. The accused shall be enltited to the subpesn of the 
this witnesses, and to be beard ia person of by counsel In open prlilic 
iy circuit court of this state or any judee thereat, eltber in terea-time 


* As amended May 16, 1907. 
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fem such Instruction as is necesary to attaih the highest proSciency ia 

Grade and & thorough understanding of the plans and details of compli- 

Badllddings: There is also a special course for thase desiring to fit themselves 

palthot# a8 draughtsmen in architects’ offices, Tuition for the regular 

Pils $0 for a three-month torm, of $j00 for the full course of cight terms, 
forthe yeir. There are several special courses which may be commented 
time and for which the tuition varies. 


lerican Acadomy in Romo, Fellowship in Architecture, Roma 
| The fellowship is awarded annually and is of the value of $1 ove a year 
(roe is, The award is made on competitions which are open obly to 
smale citiaons of the United States, who comply with the regulations 
Pidexdemy. Candidates are required to be (1) graduates of one of the 
Petural schools included in the accepted list of the Academy; or (2) grad- 
& college or university of high standing who hold certificates of at beast 
¥ study in one of such architectural sctiools; oF (j) Ameticany whe 
als Of the first class of the School of Fine Arts at Paris, and who have 
at least. three Values in that class. There is mo age-limit. Information 
terms and conditions of the competitions may be obtalied from the 

Of the Academy, io: Park Avenue, New York City, 


lericam School of Correspondence, Chicago, Il. Correspandence- 
Hiia Architecture, Architectural Engincering, Contracting and Building, 
bested Concrete, Architectural Design, and Structural Draughting. Bulls 
fit on application. 

noir Institute of Technology, Chicago, Il, Wilter Francis Shattuck, 
Wore “Architecture. Full fouryear course loading to the degree of 
Wor oF Science in Architecture. Applicants for admissiee mnast have coms 
(ithe regular four-year high-school course. A Howe Travetrne Scmoaie 
Olt pelzes and & incdal are awarded annwally. ‘Tulthos $175 per year. 


fux-Arts Architects, Society of. Wendell P. Blagden, Chaleran, Coms- 
Hon Edocation, 437 Filth Avenue, New York City. “The course esta 
pa bow consists of a series of thirty-five competitions for the study of 
[ettural design and the styles of architecture, open to draaghtamen and 
(ite I architectural schools in the United States ant Canada, and modeled 
ie of fnstruction adopted tyy the Boole des Beaux Arts in Paris. ‘The 
Bis Free, except for the annual fee of $2 for registration of each stuttent. 
Jie fu restrictions as to the age, tatlonslity or sex of the studests. "No 
ry examinations are given bat new stadents are expected to have & 
OF the five orders of architecture. Bronse wedals are presented for 
fice fn desis and moncy:prizes are offertd in special prises for decoration, 
eplanning of Wuildings, etc. ‘The competitions are coodueted by. the 
fon Education. The Pasts Prize is conducted by the Anaad Paris 
[Comeiitee. (See following paragraph.) ‘The students of the Society of 
PArts Architects arc classified according to the umber 06 “¥alues™ 
Bd & Class B and Clas A conpetithons from the thine of commencing the 
Conifiestes are presented to all students of Clue A comnpleting the 
bs defined fn the elecular of information, which will be furnished 08 request 
ehalrman Gf the committee on edueition. During the seasoes of coxp=rand 
Was exrrled on by ninety-six local representatives of the committee oa 
In seventy-eecht different cities and over one thousand students were 














Pants Puree oF nee Soctery or Buxex Ants Ancunrects: Conducted 
‘Avsinal Parts Prize Coeesittec, Wilans Emerson, Chairman, 28t Fifth 
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‘sapecial course in architecture, leading to a certificate, (3) Grad- 
Beppe iets nc: tic, 908 Sk 

1 BESO a year. 
Institute of Art, Science and Industry, Philadelphia, Pa. 
a8 Amcmrrectouc. Arthur Truscott, Profesor of Architecture; John 
I, Profesor of Design. ‘Three-year course in Architecture, a lange share 
‘being devoted to purely architectural work, Tuition, $100 per year, 
School of Technology, Atlanta, Ga. DrraxTuenr oF Axciti- 
Francis Palmar Smith, Professor in charge. (1) Pull four-year course: 
the degree of Bachelor of Science in Arthas at @ riveree 
leading to a certificate of eee aan per your 
its of Georgia; $100 for non-residents. Atlanta: Cente of the 


ca Mnstitute of Architects has provided a loan-fund in this department 
two students neoding pecuniary assistance. 


University, Graduate — of Applied Science, , Cambridge, 


with ‘odvantage. Tuition, $139 per year, Ady 
design open to graduates in architecture from recognized pro- 
achools or to others of similar competence In Design. Such students 
be candidates for the degree of Master in Architecture. Tultion In 
ce with amount of work taken, 
‘Or Laxoscare-Axcurrecture. Profesor James Sturgis Pray, in 
(2) Professional training in landscape architecture open to 
and scientific schools of food standing, leading to the degrer of Mx 
5 A acres Fro ae greene a 


to graduates in architecture of Harvard University, 

Scwotrxsnies, Two AUSTIN SCIOLARSRIPS IN ARCINBCTINR 

ip Lanvscaré-Arcutrectore, annual value, $300. ARCIITECTURAL 

CHOLARSUIP IN AncurrecteRr, open for competition to members of 

itectural League of America, three; annual value, $150. porte 
‘open’ to schools of architecture and of 

peer s in the graduate schools Awarded by conaliise i 


tional Correspondence Schools, Scranton, Pa. A corporate 
‘to furnish instruction by correspondence and to hold examinations to 
proficiency, The architectural course is designed particularly to meet 
ts of those already engaged in tho building trades o¢ <ealting-roons, 

sixty~ane subjects covering the elements of building-construction, 
‘farpeatzy, plumbing, etc, and the principles of design, drawing, ren- 
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Incidental fecs amount te about $40 pee semtester, these fees 
bollege fees. No course in architectural design. 

itate, Brooklyn, N. ¥. Course in Architecture. Walter Scott 
br of the Scitwot or Pree axb Appiiey Ants. (1) Two-yeie 
Gteetural deaign. (2) Two-year course in architectibral censtnue- 
A three-year course in architectural design and architectural ¢on- 
3¢ course in architectural design aims to give students a general 
‘all prepare them to putsuc the professing af architecture ax com= 
fits in architects! offices, and leads to positions of responsibility 
ence: ‘The course In architectural construction alma to fit the 
totral dreastting in builders’ offices; of for genteal detailing and 
tork in an architect's office, and leads to the position of super= 
sonsteuction-work. Tuition, $5 per year. 

tute, Houston, Texas. Agcmrnctera: Derasnumer, Wit 
yim charge. Full four-year course leading to Bachelor of Science 
fe ‘Tuition tres. 


‘echnic Institute, Terre Haute, Ind. Derarnicext oF Awcitte 
llyerd A. Hote, Director. Pull four-year course, desligned to give 
‘ining in architectural engineering together with systemathe in- 
fehitectural design. Tuition and incidental fees, $119, 
Yeling-Scholarship, Inc. C. H. Blackall, Secretary, 2a Beacon 
lass, Candidates must be undor thirty years of age at the date 
ing of the preliminary examinations. At that date they must 
faged in profesional work during two years la Massachasetts-in 
(f & practicing architect resident in Massachusetts, and will be 
preliminary examinations upon the following subjects: (1) His. 
ecturo; (2) Frechand deawing from the cut: (3) Construction, 
factor; (4) An clementary knowledge of the Frosch language, 
Segre In Architecture from the Massachusetts Institute of Tech 
bla University, University of Pennsylvania, Comell University, 
fetsity, or University of TMinois will be allowed fo present such 
1 will be accepted in lien of the examinations in the prelimlniries. 
ho passin these preliminary exanieations are admitted to.» Cet 
sign, the successful candidate in which is awarded the schatarshipy 
fnnually, for two years, $1 000 to be expended in freien travel and 
Beaton Society of Architects, through a conisalttce, Kas complete 
teuminstions and supetvises the work of the sebular. "The Society’ 
awards the sum of $75 asa second prize, 
University, Syracose, N. Y., College of Pine Arts. Deragr- 
fireeruee. Prederick W. Revels, Director. (x) A fall four-year 
hiitecture, (2) A full four-year course te architecture allowing 
jim architectural engineering. ‘These courses lead to the degree of 
(rebitecture, (IB.Ar.). (3) A twomyear special course for architec 
‘nen of two or more years’ offco-experiente, leading to & certiix 
ency. Tuition, $120 per year. 
te University of Louisiana, New Orleans, La. Detaetwent OF 
fe perme Corxor or Tacaxotocy. WN. 1, Creighton, Dewi: 
Professor of Architecture, in charge. (1) Full four-year course 
grea in architecture. (2) Pull four-year course Nadine to a degree 
el enginecring. (4) Special courses for stedents mot candidates 
“Tuition, $100 per your. Special attention given to subtropical 
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fangement of courses In Arts and Architecture leading to the degree of 
fof Arts at the end of the fourth year and to the degree of Bachelor of 
(@ Architecture at the end of the sixth year. (5) Course in Architectural 
ing leading to the degree of Bachelor of Science in Architecture. Sum~ 
pol, peoviding instruction in many architectural subjects of the regular 
Pruuzxs axp Scuotansnirs are awarded annually, The Paste or rie 
(At Acapiay at Rowe and the Pasis Prize are open to students and the 
Dsow Scnotarsip is available to those resident in Pennsylvania, The 
‘nd certificate are accepted by the American Institute of Architects 
f examination for membership. Instruction-staff (1914@15) in archi 
P persons; students, sor, including summer-school courses. Tuition, 
tr year. Circular and year-book on application to Professor John 
Dean of the Towne Scientific School, University of Pennsylvania, 








Pa. 

Tomy Stewaunson Meaworta: Scuotarsmr ox Avcittrectune, ‘The 
[this scholarship, established in 2897, is $x 000, The holder &s requiced 
Gone year in travel and the study of Architecture in Europe under tle 
of the managing committee. All candidates must, be under thirty 
age and elther students or practitioners of architecture, resident In the 
Pennsylvania for at least one year immediately preceding the date of 

tary examinations. 


‘ersity of Southern California. Cousor or Foee Ants. Four-year 
ba architecture, leading to the degree of Bachelor of Fine Arts; also a 
(course of three years qualifying the student for practical work in archi- 


ersity of Texas, Austin, Texas. Scitoox or Axcrrectune, P,E. 
f Professor in charge. Four-year and five-year courses leading respec- 
@ the degrees of Bachelor of Science and Master of Science in Architeo- 
(fo the first, second and third years the course in prescribed; im the fovrth 
years the student has opportunity of selecting his studies so as to spe- 
fa the msthetic or in the engineering branches of architecture, ‘There is 
ge for tuition, but 2 matriculation fee of $10 per year for the first three 


fersity of Toronto, Toronto, Ontario, Canada. Devanraesr or An- 
fume. C. H.C. Wright, Profesor in charge. Full four-year course 
fo the degree of Bachelor of Applicd Science (B.ASc.) with an option of 
tural engincering replacing architectural design in the fourth year. ‘The 
Grst year, $109; second year, $110; third and fourth years, $120. ‘The 
is supported by the Province of Ontario. 
‘ersity of Washington, Seattle, Washington. Cotes et Axcarrnc- 
Karl Gould, Professor in charge. A course in home-architectere and 
fom. Lectures and Inboratory work. 
hington, The State College of, Pullman, Wash. Deraxrwesr oF 
forex. Rudolph Weaver, Profesor in charge. (1) Pull fouryewe 
fading to the degree of Bachelor of e in Architecture. (2) TWwor 
jelal course leading to a Certificate of Proficiency. (5) Spectal students, 
Hy peepared, are widmitted to all chisses Tuition free. 
hington University, St. Louis, Mo, Course in Architecture. John 
¥ Robinson, Professor in char, 1) Four-year course ie architecture 
shitectural engincering leading to the degree of Bachelor of Science, (a) 
course leading to the degree of Master of Science. (3) Special course 
Homa. ‘Tuition, $150 per year. Special course, $90 per year, 

















Architectural Societies in the United States Aan7 
) ARCHITECTURAL LEAGUE OF AMERICA. 
Orcaxuations or Tix LrAger 


loctety of Washington University, St. Louis 
etural Club 

ty of Cornell University 

‘ston University Architectural Club, Washington, D.C. 
« Philadelphia 

teetural Club 

‘ectural Club 

hitectural Club 

ectural Club 

‘Rectural Club 

\C. Architectural Club 

b, University of Ilinoks 

arvard 

{y of Mural Painters 

Architectural Club 

setural Club 


(3) MISCELLANEOUS SOCIETIES 


ity of Landscape Architects 
ociation of Indianapolis 
‘lub of Minneapolis 

dague, Pacific Coast 

aeague of New York 

lociety of the University of California 
litectural Claby 

siety of Architects 

etural Club 

of Architects 

tute of Arts and Sciences 
lect’ Business Association 
iectural Club 

lation of Architects 
hiteectural Club 

titeetural Club 

ety of Architects 

fetural Club 

feturral Clubs 

Architects’ Club of Louisville, Ky. 
(ton of Architects: 

of St. Paul 

eetural Association 
fehitectural Club 
\rchitects’ Association 
tchitectural Club 

Institute of Technology Architectural Assoclation 
reitectural Clubs 

chery of Architects 
rehitectural Club 

lety of Architects 

rol Architects 
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6 Canada 
Axcittrecrewat Association or CANADA 


{Architectural Insticute of Canada. Montreal 

fa Association of Architects. Calgary and Edmonton, Alta. 
tects’ Association of Victoria. Victoria, B.C, 

fh Columbia Association of Architects, 

ky Architectural Club 

bebe Association of Architects. Winnipeg, Man, 

fio Association of Architects. Toronto 

hee of Quebec Association of Architects. Montreal 

la Architectural Association. Regina, Sask. 

Kehewan Association of Architects. Regina, Sask. 


3. Cuba 
ly of Engincers and Architects of Havana, Havana 


fment Committee of International Congresses of Architects. Paris 
1G des Architectes Dipldmés par le Gouvernement. Paris. 
I Nationale des Architectes de France, Paris, 
fe Centrale des Architectes Frangals, Pai 
LSyndicale des Architectes Francais Paris 
1 des Diplimés de I'Ecole Spéciale d’Architectare. Paris 
fation Provenclale des Architectes Frangais. Versailles 
1G Réwionale des Architectes du Contre de la France. Bourges 
1é Regionale des Architectes de Dauphind et de la Sayole. Grenoble 
6 des Architectes de I'Est de la France. Naney 
Ue Régionale des Archtectos du Limousin, de PAngouléme et du Perigord 
Fséret (Creuse) 
lé Régionale des Architectes du Midi. Toulouse 
|€ Réxionale des Architectes du Nord. Lil 
\€ Régionale des Architectes du Poitou et de la Saintonge. Parthenay 
16 Réglonale des Architectes du Puy-de-Déme, du Cantal, de le Hante- 
(pire et dle VAllior, Clermont-Ferrand 
le Régionale des Architectes de Satne-ct-Loire, de I'Ain et du Jura. Chie 
fins-sur-Sabne 
[ation Résionale des Architectes du Sud-Est. Nice 
[6 des Architectes de V'Aisne. St. Quentin 
6 des Architectes de I'Allier. Moulins 
€ des Architectes de I'Anjou. Angers 
\€ des Architectes de I'Aube. ‘Troyes 
lé des Architectes de Blois. Blois 
\@ des Architectes de Bordeaux et du Sud-Ouest. Rocdenux 
(6 des Architectes des Bouchesdu-Rbtne. Marseilles 
16 des Architectes du Doubs. Besangon 
é des Architectes de la Drime et de I'Ardiéche,  Vaahenow 
Medes Architectes d’Eureet-Loir. Chartres 
i Amicale et Syndicat des Architectes du Gard, Nimex 
(6 des Architectes de In Haute-Mare. Chiloas-sur-Mame 

ig Académique d’Architecture de Lyon. yon 
fas Architectes de la Marne, PaulChandon 

hes Architectes de Nantes. Nastes 
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en-und-Ingenieur-Verein au Aachen, | Aix-la-Chapelle 
en-und-Ingenieur-Vereln zu Mets. Metz 

dirgischor Architckten -und -Ingenieur-Verein xt Schwerin, iM. 
veri 

ng Berliner Architekten. Berlin. W. 
en-und-Ingenieur-Verein zu Diiseeldorf. Disseldorf 

ter Architekten-und-Ingenieur-Verein. Bromberg 
en-und-Ingenicur-Verein su Minster, LW, Milnater 
es-und-Ingenieur-Verein zu Potsdam. Potsdaz 
eo-und-Ingeniour-Verein. gu Stettin. Stettin 
fa-und-Ingenieur-Verein xu Posen. Posen 
en-undslngenieur-Verein au Erfurt. Erfurt 

ir Architekten und Bauing-Eeieare zu Dortmund, Dortmund 
‘ung Schlesischer Architekten. Breslau 

lwo Prayjaciol Nauk. Posen 














10, Great Britain 


ftitute of British Architects. London, W. 
Architectural Association. Neweastle-upon-Tyne 
(Yorkshire Architectural Society. Leeds 
Society of Architects and Surveyors, Shetti 
ter Society of Architects. Manchester 

| Architectural Soriety ( Liverpool 
lam Architectural Assock Nottingham 

lam Architectural Association.” Binningham 

and Ledstershire Society of Architects, Leloester 

beiety of Architects. Bristol 

South Wales and Monmouth Architects! Society. Cardidf 

fd Exeter Architectural Sackety. Exeter 

Institute of Architects. Dundee 

Institute df Architects Dundee 

(Society of Architects. Aberdeen 

fh Architectural Association. Edinburgh 

L¥Vorkshire Architectural Society... York 

[ntitute of Architects of Ireland (Inc,), Dublie 

(ural Association of Ireland. Dublin 

‘Gf Architects af New South Wales (Ine.),  Sliteey 

|ctorian Inatitate of Architects (Ine.), Melbourne 

Meallan Institute of Architects (Ine.), Perth 

titute of Architects. Cape Town, Alien 

M Institute of Architects: Johannesburg. ‘Transvaal, South Africa 
stitute of Architects. Durban, Natal, South Afrien 

hitectural Association. London, B.C. 



























I, Greece 
Polytechnical Soricty. Athens 


12. Holland 


be the Pruayeation of Architecture. Amsterdam 
hap Archstectars et Asmicitia, Amsterdam 
few Wrleadechap. Rotterden 
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iitectes et Ingenicurs. Stockholm 
oglorenique. Stockbolin 


‘1. Switzerland 
ngeniear und Architekten Verein. Bale 


2. Venezuela 
quitectura y Construccion du Venesvela. Caracas 


* VALUABLE BOOKS FOR ARCHITECTS, 
DRAUGHTSMEN AND BUILDERS* 


Architecture 


sr and Builder Before the Law.’ By T. M. Clark., $3.00 net 
eference Library.’ This consists of numerous books 

bo obtained in pamphlet-form or in five bound vol- 

+ per volume. 

rehitectural Stylea"" By A. Rosengarten, 

‘omposition’ By J. V. Van Pelt. 
architecture, Carpentry and Building.* 10 volumes 
larpentry and Contracting.* 4 volumes... 
chitecture and Building? By Ruseell Sturgis. 
f metres By Joseph Gwilt. 1700 engeav- 












tthe I History of Architecture. a A 





fan Pelt. raps ot 












Vignola.” William R. Ware, 7 volumes... 5.00 
Terms Used in Architecture* By T. Dinham Atkin- 
tec. re 10 
sto Architecture.” ‘By Thomas Mitchell, so 
By Frank A. Bourne, Frank Chouteau Brows ai 

Holst, . . $00 
Mes of The Orders.* 7 aoe 

(Bilaee Fugen vs dfeVawted ye 





hs carefully examined neatly all of the books natet below and can 
‘a8 containing aieful information on the subjects under which they are 
address at publisher ane given below, The nurobees blentily the pail: 
te of every book. Ober reference-aumbers are on Ube pages following. 
. * Willines T. Comatock, 
‘The American Architect, New York City, « Bates & Galld 
&._*'The Macrnillan Company, New York City. * Johs wap aiken, 
City. "International Textbook Company, Seraiton, Pa. 
cerespondence, Chicagn * David Wiljams Company, New ‘ore chy. 








lanson Company, Boston, © Myron C. Clare Compacy, 
lished by author. | McGrew Hil) Boo Company, Ine, New. York 
Nontrasnd Crea ¥ 





Saar, Manat 
Be act ome, Ca Oi, 
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id Garages”, a. Sngo 
crete, Plain and Reinforced * By F. W. Taylor 

impson. 862 pages, 249 AgUrOd.. . 460s ons geo 
jdon Methods and ae By LP. Gillette ‘Sod 
Do pages, gos Figures . $00 net 
By Frederick W. Taylor and Sanford E. ‘Thomp- 

A Rte $00 net 
ico 
$09 net 

iy C. 290 Bet 
rete Construction.” Volume I. Fundamental 
ly George A. Heol... 2.99 
te Construction. Volume 11. Retaining Walls 
+ By George A. Hook... 500 





forced Concrete Construction. by FE te 
RK. Maurer. 439 pages, 164 figures. 
ete Buildings.” By Emest 1. Ransome 






te" A 30 pages. 
tte yA, Coosidie, "Peaoalated fron tbe 
widitions by Leon S, Moisseiff. 242 pages, 32 















. eee wares see rere yy . 4.00 met 

ed Concrvto in Buildings’ By Edward Godfrey. 2.00 

ral Engineering. By Edward Godfrey......... 2.50 
Drawing 

les and Shadows* By Henry MeGoodwin.. 300 

(wing and Lettering.” By Frank A. Bourne 

fu Brown and HL. V. von Holst. ..., 4.30 

wpective Drawings “By Herbert E. 

‘ence. mecorersety 100 


wing? By C. 
jitectara Drawing, for, Youn Students? By 





fe. “By Freach and MefLJejohn c 
Artistic and Practical.® By Willa Heyy. 
Ging’ By F.C. Brown... 

y Charles D. Maghusts, 
Dective for Beginners? ByF.A 
‘Benjamin J. Lubsches...... 
g? By C, Franklin Edminster. 


Electric Work 


dolk for Electrical Eagineorn' By Harold Pender. 
fusteated. . . 
fas Hasdboak ‘By Terral Gott. 711 pages, 
+ §00met 








S Fiche ool Dy W. 4. Foster. 

















Civil Engineers’ Pocket By John ¢ 
by John C. Trautwine, Jr, and Join C. 
pages, numerous illusteations, 

Conteactors' and Builders’ Handbook. 


American Hand-book for 

trical Engineer's Pocket-Rook.! i 
American Electricians’ Handbook.” By Torrell 
A Han 


MMustrations. 
landbook for Superintendents of 
Builders and 


Planers an Biter Wanibote ans wea 
Piunivers, SeamlSiners und Manse 
Wachey, Sey RRS wh SANE 





4 Heating, Ventilation, Steel Construction, etc. 1707 
\eers Handbook By Milo S. Ketchum. 900 





























lustrations, 260 tables... . seceeecen $§@0 net 
jompany's Pocket Companion, 1913. Published 
giv Steel Company, Pittsburgh, Pa.. 2.00 
A Handbook published by the Cambria Steel 
ihnstown, Pa... .. 200 
pes. Published by Jones Laughlin 
web, Passe. Kd ° 
ithlehem Structural Shapes. Published by the 
teel Company, South Bethlehem, Pa % 
‘da. Edited by Reid T. Stewart, and ‘published 
al Tube Company, Meare} Pa. 1.00 
Hes Pocket-Book.?. -..... 24+ 190 
Garage Construction 
ad Garages? ssc ccs ee 20 
ittiam P. Comstock 100 
Fire-Protection 
Of Steel Buildings* By J. K. Freitag. 325 pages, 
fesioee ac oeceitd sacra seeveeeenes 290 net 
ind Fire Protection Applied to Building Construc- 
K. Freitag. 1046 pages, 395 figures. see 4:00 net 
Heating and Ventilation 
ating, Plumbing and Sanitation." 4 vols... ito 





ating and Ventilation. By Arthur M, Greene, 

ty figures, fi a.go net 

* 1914 Ed. By WG. Snow. 

atilating of Buildings By Rolla C. Caspenter. 
$78 pages 277 figures... 

¥ Handbook,’ | 368 pages, 230 illustrations. 

ting* By W. G. Snow. daseew 

or Buildings® By We J. Baldwin. 432 pages, 
5 plates. 

nt Piping Systems, ‘Design, Installation and Oper: 

William L, Mocris. 490 pages, 989 illustrations. 

its, Their Design and Construction.” By Henry ©. 




















ngs!" By W. G, Snow and Thomas Nolan, 
Steel Construction, Mechanics of Materials, 
Sioaioe* By Joseph Kendall Freitag. 4a 

ri + geomet 
By Willian 1. Birkmire. 245 pages. od nat 
By William H, Birkmire. 129 pages, 














Detailing of Simple Steel Structures” Clyde T, 
annernsries xi ron BB 
fe and Girdees. Stresses. By Eeigar Marburg. 
Voustrwted- a 4.00 
ela" Jamon E. Boyd, 290 





° Apply to rexmedlactorer, 


















































Dean of Materials) By dell Mitta s00. 080 
rah od pied 748064 5S mage OEMs SEMAN EMER ES ha 

The Mechanics of Building Constructhe By Henry Adams 
ae ane sp ear Lan pepo preemie _ 
Mechaaicsfor Bullders! Bates aed Charlesworth, er pare 

Skeletoo Construction ia Buildings’ By William 1H. Bisksnire. 
aco Deana? Bp BF Kiddet 


Painting 


‘The Analysis of Paluts and Paluting Materials By Henry A. 
Gardner and Jobo A. Schacllet....0c6ccoveveseeiees 
Paper-Hanging and 


cal 
= 











Alva H. Sabin. 120 pages. 200. sos sees trees *r] 
‘The Eodustrial and Artistic Technulogy of Paints aad Varnish ® By 

‘Alvah H. Sabin. 578 pres. «0 oesee teeretee 
Paint Technology and Tests™ By Henry A. 
Paints for Steel Structeres BY Houston 
Rustless Coatings. Corrosion 

By the late M. P, Wood. 442 pages, 8s oe Wen sav sbi 
Varnish-Making (German Process), By Max 

translation to which is added American practice, by Alvah H. 

Sabin, $70 Paws, $5 GEUE. nese eteeenrereevereeereesce Si 


Planning of Churches 
Churches and Chapels* By F. , Kidder, Architect... 


Planning of Office-Buildings 


‘The Planning and Construction of High Office-Bi 
William H, Birkmice.t Pa i iy eon he +] 


Planning of School-Buildings 
American School Building Standards” By Wilbur T. Mill 25g 
pages, illustrated , Jes 
Modera American School bine ms Warren R “Briges. ni 
pages, $9 plates. - 
Modern School Houses? 
Schoul Architecture.” By Edmund M4. 


Plumbing and Sanitary Engineering — 
Tlot-Water Heating and Fitting.* By William J. Baldwin. 320 


pages, 209 illustrations yisecueee 
Plumbers’, Steam-Fitters’ and ‘Tinner# Handbook By es 
Richey. 529 pages, zor figures y 
Principles and Practice of Plumbing. By J. J. Comgrove, = 
Plumbers) and Fitters’ Hland:Boole. 375 pages 148 Widstrations|. $4 
= 

4 





























Modern Womising. Waar? Wy Starhueke cig 
Sanitary Boginectnt, A Waldinas? Wye Awa 
Water Suyply, Sewers: anh Wank A San 
By W., Gettark. wo yer, SARS 


Gydopedia of Veatng, Roars, oe = 





‘Miscellaneous Books 1700 


Roof-Trusses 

of Simple Roof-Trusses in Wood and Steel.* ~ Pro 
Malverd A. Howe. 187 pages, 90 figures. -.ss.s..se. $80 net 
Stresses in Roof Trusses." By IC, Hearne. 235 pages, 4.00 
400 Roofs and Bridges.* By Mansfield Merriman and 

7S. Jacoby.” 4 volumes viene 9.00 net 
ols and Roof-Trusses By F, E Kiddor.......s.ycce 300 
for Engineers, Architects and Builders Rool/Trusses, 

tems for Steady Load, Snow and’ Wind. Fry the late 














SE. Greene. 58 pages. oo... ce sec scee se cceen cane ” Tag net 
Stee! Mill-Buildings | 
of Steel Mill-Buildings." By Milo S. Ketchum. 480 
$0 tables and 240 Illustrations, «..,.0-..- PR yy 





Stones for Building and Decoration 
itones and Clays! My Edwin C. Eckel ay pages, 37 














8 (500 net 
Me Geology" By 11. Ries and T.L. Watton. 672 pages, 
GUE VEY PRES... cor cctey suse estas clop anes 4:00 net 
Building and Decoration.’ | By Geo, P, Merrill, 567 pases, 
tes, 24 figures 4.50 het 
tical Information on building-stones fs contained in Build. 
truction and Superiatendenos! Part T, Masons! Work, 
UE: Kidder and Thomas Nolan .......... Apr 
Tlumination 
{ Muminatlon.# By Louls Bell. 339 pages, 127 illustra 
meet wea : 2.90 
feht Wiring By C. E, Knox. 225 pages 119 illustee- 
; D 200 
Tihimination.” By J. R. Cravath and V, R. Lansing 
‘ages, 380 illustrations. .... + yao 
(Light and Mlumination.® By Stelumete. 200000000004 3400 
Waterproofing 
Kethods af Waterproofing." By Myron H, Lewis... 50. 
Hospital Construction 
lospitals? By C, R. Holmes. * $09 
Graphic Statios 
See also under Roof-Trumed 
for Engineers, Architects and Builders. By the late Pro- 
for Charles E. Greene. 
TE. Reof-Truses. Diagrams for Steady Load, Soow and 
Vind. 88 pages aoe Boag Het 
ook of Graphic Statics By Charles W. Malcolm. 336 
(tgs drawings... stercen $00 Ret 
Miscellaneous 


Hous! By T. M. Clark.,,.......0.....005 
Dextening ad Drawghting* By Alvan Crocker 
Beatie Wena By Fess 
oe 27 table, 
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AMERICAN PERIODICALS DEVOTED TO ‘THE INT! 
OF ARCHITECTURE AND BUILDING 


American Architect, ‘The. Weekly. Subscsiption-price, $10, Sing’ 
as cts. Publishers, The American Architect, Ine, 50 Union Square, Ni 
City. 

_ American Carpenter and Builder: Established gos. Monthly. $ 
price, $2. ‘Single copies, 20 cts. Publishers, American Carpes 
Buller Company, «827 Prairie Avenue, Chicago, tL, 

American Contractor, The. Weekly. Subscription-price, $5. 
eee Publishing Company, to Noth Dentin Set | 


U Adaicen Stvensend Gordons Formerly the Scientific American | 





City. 

Architecture and Building. Formerly the Architects! and Builders 
xine. Established 1882, Monthly. Subseription-price, Canada 
foreign, $3. Single copies, 20 cts, Publishers, The ‘Wiliam To 
‘Company, 23 Warren Strost, New York City, 

Architecture, Established 1399. Monthly, Subscriptios-price, $5. 
copies, go cts. Publishers, Forbes & Company, Ltd., 527 Fifth Avex! 
York City, 

Architect and Engineer of California, The, Established in rgos. 3 
Subscription-price, $1.50. Single copies, 25 cts. te ae EMC 
621-623 Monadnock Building, San Franctsod,!Cal 

Architectural Record, ‘The. Founded 139i. Monthly. $5. Sine 
3s cts, Publishers, The Architectural Record Company, t15 West = 
New York City, 

Architectural Review, The. Established 1337. Mosthly. 
price, $5. Single copies, go cts. Publishers, Bates & Guild ~ 
Congress Street, Bostot 

Brickbuilder, The. Established January, 192, Monthly, 
price, $5. Single copies, go cts. Publishers, Rogers & Manson rer 
Water Street, Boston, Mass, 

Bungalow Magazine. Monthly. Sabscriptionprice, $2. Single 
ao cts, Publishers, Bungalow Publishing Company, Inc, Leary 1 
Seattle, Wash. 

Builders’ Gazette, The. Weekly. eee ic $s. PB 
‘Thos, F. Hodges, 53 Fourth Avenue, Pittsburgh, Pa 

Builders’ Guide. Weekly, Subscription-price, $5; foreign, $5.50, 
copies, 15 cts. Publishers, Building News Publishing Company, Ing 
Building, Philadelphia, Pa 

Building Management. Monthly. SulesipOee Dees $2. Single 
ao cts. Publishers, Patterson Publishing Company, City Hall Sqein 
ing, Chicago, TIL 

Building Age. Formerly Carpentry and Building. Monthly, § 
Mon-price, $2. Single copies, 2o cts, Publishers, David Williams 
239 West sath Set, Rew ae = 

Cement Wont, “tre. Moontihy. Seisetatanagiee Sth Cam 
fordign, $2. Swab coie, 15 Gs, Wathen Cea AA Sis 


ago Whe 
Prati Are SU. Sainctencyien, Wy Canadian 
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tgle copies, 10 cts. Publishers, The Equitable Publishing Company, 
ile Building, Atlanta, Ga, 

teteCement Age. A consolidation of the three periodicals, Concrete, 
Age and Concrete Engineering. Monthly, Subseription-price, $:,50. 
copies, ts cts Publishers, The Concrete-Cement-Age Publishing Com- 
7 Port Street, West Detroit, Mich. 

action, Monthly. Subscription-price, $s. Single copies, 35 ts. 
ry H. Gagnier, Lid, corner Richmond and Sheppard Streets, Toronto, 


‘nuction Details. Monthly. Subseription-price, 8s; 
pies, sets. Publishers, Trades Publishing Company, Ryan Dalla, 
| Minn. 

ruction News Established 1894. Weekly. Subseription-price, $5. 
opies, 20 cts, Publishers, The Construction News Company, Monad- 
‘cock, Chicago, Il. 

wuction Record, The, Weekly. Subseription-price, $s. Publishers, 
ction Record Publishing Company, so4 Bessemer Building, Pittsburgh, 





tman, The. Monthly. Subseription-price, $5. Single copies, ag ets, 
tra, The Craftsman Publishing Company, 41 West sath Street, New 


ty. 

Weering Record, The. Weekly. Subseription-price, $y; Canada, $4.50: 
$6. Single copies, ro cts, Publishers, McGraw-Ilill Book Company, 

9 West 39th Street, New York City. 

+ and Garden. Monthly. Established In 1go1. Subseription-peice, 

igle copies, 25 cts, Publishers, McBride, Nast & Ca, gt East 17th 

New York City. 

+ Beautiful, The. Monthly. Established 1896. Subseription-peice, 

ile copies, ag cts, Publishers, The House Beautiful, Inc, srs Fourth 
New York City 

fg and Ventilating Magazine, The. Founded cgay. Subseriptio 

(Single copies, 1o.cts. Publishers, Heating and Ventilating Magazin 

ly, 1123 Broadway, New York City. 

al of The American Institute of Architects Monthly. Formerly 

in Institute of Architécts Quarterly Balletin. Subscription-price, 

foples, 50 cts. Publishers, The American Institute of Architects, ‘The 

|, Washington, D. C. 

feape Architecture, Quarterly. Subscription-price, $2, Single copies, 
Publishers, Lay, Hubbard & Wheelwright, Crescent and Mulberry 
Harrisburg, Pa. 

ual Architect, The. Monthly, Subscription-price, $3.50; foreign, $55 

oples, 5 cts. Publishers, The National Architect Company, Cromer 

& Philadelphia, Pa, 

al Builder, The. Incorporated with The Interstate Architect amd 
Established +885. Monthly. Subscription-price, $4.90. Single 

i$ cts. Publishers, Porter-Hodgson Company, $57 South Dearborn 

Chicago, Ill 

Architect, Engineer and Builder, ‘The. Monthly. Subseription-pelee, 

igle copies, 15 cts. Publishers, The Ohio Architect, Engineer and 

‘Company, 235 Superior Avenue, Cleveland, Ohio. 

€ Builder and Englocer. Weekly. Subscription-peice, $5. Stale 
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GLOSSARY * 


al Torms, Ancient and Modern, Used by Architects, Builders, 
and Draughtsmen 


('s-Rod, An ornamental figure representing «rod with a serpent twined 
Tt is sometimes confounded with the caduceus of Mercury, ‘The 

‘oa between the caduceus and the Aaron's-rod is that the former has two 
twined in opposite directions, while the latter hasbut ane, 
ts. ‘The upper member of the capital of a column, It ls sometimes 
ind soratimes curved, forming on the plan 
sof a circle called the arch of the abacus, and 
daly decorated with a rose or other ornament 
tmter, having the angles, called horns of the 
ut eff in the direction of the radius or curve, 
Tuscan or Dork, it Js a square tablet; 2 <— 
&, the edges ary molded: in the Corinthian, BOMAN poRIC 

fare concave and frequently enriched with 

Tn Gothic pillars ft has a great variety of 


‘GRECIAN DORIC 


fe A term for the church and other build:  COMNTHMAN’ DORI: 
d by conventual bodies presided over by an ABADE: 
‘abbees, fa contradistinction to cathedral, which is presided over by & 
‘nd priory, the head of which was a prior ur peloeess. 
nent. That part of « pier from which the arch springs. 
Als, The boundings of u plece of land on other hand, street, river, ete, 
hus. A plant found in the south of Europe, representations of whose 
fe employed for decorating the Corinthian and '. 
ite capitals, ‘The leaves of the acanthus arc 
the bell of the capitol, and distinguish the 
‘onters from the three others, 
The small pedestals placed oa the 
fod apex of a pediment, ‘They re ssa 
hhout bases or plinth, and were originally 
to receive statues. 
Je. The wings; inwand side portions of a churchs the inwarth lateral 
which enclose the choir, the presbytery, and the body of the church 
skies. Any one of the passages fo a church or Sall Into which he jaws 





The original and strict meaning of this word, which is dexiveal Ina 

Ish alcaba, is confined to that part of « bedichamber ly whieh tie bed 

parated (rom the uther parts of the coom by columas or pilagtees, It 
manly used to express any lange recess [ya foun, gendrally 








pe. Tn ancient Roman architecture, a room lesed by bathers for 
themselves 
[Fkewcarr’ trae comand by Mr, Kikter front varkows somirces, and with the 


Perce et tM, be 
far a 2 a a ea ell 
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England, it is @ sort of covered porch attached to the south transeps, 1 
‘communicating with the interior of the church. At Worcester Cathedra 
Mad ling 0 a ta a ee eee 
within the great porch. monastic establishments, as ut Wests 
It seems to have been a separate building of some Saportance, either join 
ate howe ce near If; that: eA Ee 
possible. 

Altar. tn aint Roman acct, lace om whic leg 9 
fices were made to the gods In Protestant churches, the commenice | 
often designated as the Altar, and in Roman Catholic churches it ix « 
table placed at the east end of the church for the celebration of mass. 

Altar of Incense. A small table covered with plates of gold on wh! 
pleotd the smoking conser in the temple at Jerusalem, 

Altar-piece. The entire decorations of an altar; a painting placed bel 
altar. 

Altar-screen, ‘The back of the altar frm which the canopy wns ag 
‘aod separating the choir from the lady chapel and “The Altay 
was general of stone, and compe ofthe ses tabernacle mock of 
finials, and pedestals, supporting statues of the tutelary salts. 

Alto-rilievo, High relief. A lsh esigtre the Rescate which peoject 
surface om which they are carved, 

Ambo. A raised pl: thorns, pulpit, naling eli 
oblong enclosure in unclent churchen poemafepmp moo | 


modern el 


Ambry. A cupboard or closet, frequently found pear the altar fe | 
churches to hold sacred utensils, 

Ambulatory. An alley —a gallery —a cloister. 

Amphiprostylos. A Grecian temple which has @ columned portico ¢ 
ends. 

Amphitheater. A double theater, of ant elliptical form om the yilan, 
exhibition of the ancient gladiatorial fights and other shows. Its arexad 
which those exhibitions took place, was encompassed with seats rising 
cach other, and the exterior bad the accommodation of portices or arc 
the public. 

Amphora. A Grecian vase with two handles; often seen on medals. 

Ancones. ‘The consoles or ornaments cut on the key-stomes of arche 
the sides of door-cases. They are sometimes nnide use of to sapport 


other figures. 


Angle-bar. Jn joinery, an upright bar at the angles of polygonal #1 


4 mallion. 


Angle-capital. In Grock architecture, those Toole capitals placed ont} 
columns of a portion, which have ane of thelr volutes 





placed 
angle of a bundaed ax nae} ‘ve degrees with the plane of the frieze. 
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&, Ante. A name given to 4 pilaster whea 

ed to a wall. Vitruvius calls pilasters pare 

when insulated. They are not usually dix 

(ed, and in all Greek examples their capitals are ance 

Ht from those of the columns they accompany. 

chamber. An apartment preceded by a vestibule and from which is 
tehed another room. 

echapel. A small chapel forming the entrance to another, ‘There are 
Hes at Morton College, Oxtord, and at King’s College, Cambridge, Begtand, 
§ several others. The antechapel to the lady-chapel im cathedrals is 
lily ealted the Presbytery 

echoir. ‘The part under the rood loft, between the doors of the choir 
te outer entrance of the screen, forming a sort of lobby. It is also called 
wechoir, 

efixa. In classical architecture (gargoyles, in Gothic architecture), the 


(eats of Hions’ and other heads below the eaves of a 
f through channels in which, usually by the mouth, the 
is carried from the eaves. By some this term is ap- 


to the upright omaments above the eaves in ancient 
= which hid the ends of the Harmi or joint tiles. ANTIEFEXA 
‘The lowest part of the shaft of an fonkc or Corinthian columi, 
highest member of its base if the column be considered as a whole. ‘The 
mpe Is the inverted cavetto or concave sweep, on the upper edge of whick 
ing, shaft: rests, 

A plain of molded piece of finksh below the stool of a window, put 
the rough edge of the plastering. 

‘The semicircular or polygonal termination to the chancel of a church, 
|. A temple without columns on the flanks o sides 

Jct. An artificial canal for the conveyance of water, either above of 
ground. ‘The Roman aqueducts are mostly of the former construction, 
Yue. A building after the manner of the Arabs. Ornaments taed hy 
ye peuple, in which no human or animal figures appear. 
que is sometimes improperly wed to denote a species of ore 
composed of capricious fantastics and imaginary nepec- 
eas of animals and foliage # much employed by the Romans 
decorations of walls and ceilings. 

Architecture. A style of architecture the rwdiments 
appear to have been taken from surrounding mations, the 
ns, Syrians, Chaldeans, and Penians, The beat preserved 
ns partake chiefly of the Graeco-Roman, Byzantine, and 
TLis supposed that they constructed many of their Sqest 
trom the ruins of ancient citics, 

tyle. ‘That style of building in which the colamns are 
from one another from four to five diameters. Steletly: 
the term abould be paged to Jurmniation of four 
with fe only suited fo the Tuscan onder. 

bp That style of butlding fn which four columns 

the space of olght dixmeters and a hall: the central eo 
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or Adlantes. Figures or balfigures of men, used instead of col- 
eek ilemmacen 


Columns: Those which project ba 
‘of their diameter from the wall. 
A low story above an entablatare, ar 
orice which timits the height of the 
. Although the term is 
¢ dérived (rom the Greek, we find noth 


it Is very common in both Roman ond 
practice. What are otherwise, called 

fn St. Peter's and St, Paxil's Cagho- 
Trequetstly termed attics. 


Order. A term wed to denote the low pilasters employed in the 
on of am attic story. 


at Tn painting and sculpture, symbols given to figures and statecs 
‘their office and character, 


+ In ancient churches, that part of the church where the people 
ly stood to be instructed in the Gospel, now called the mauve. 
‘A court or hall in aticient Roman houses, 
¥. ‘A large apartment for breeding birds, 
‘The spéodle or center of any rotstive motion, Tn a sphere, aa lenage 
‘through the center. ~ 
A place behind the altar in’ the principal ehole, In Which there 
was, 2 emall altar standing back to back with the former, 
ting of a Rafter or Rib. The forming of an upper oe outer sarlace, 
may range with the edges of the ribs or rafters on either side. 
king of 4 ‘Wall. ‘The rough inner face of a wall; earth deposited heblied 
wall, ete. 
ofa Window. That piece of wainscoting which ts between the bottom 
sash frame and the floor, 
xy. A projection from the face of « wall, supported by colummia ar etme 
dnd wswally surrounded by a balustrade, 
in. A building in the form of a canopy, supported with columns, and 
gen crown oF covering to an altar, 
tf A small pillar or colume, supportiog a ral, 
forms, used in balustrados, 
ter Shaft. The shaft dividing » whedow In Saxo 
ture, At St. Albans are some of these shafts, vi 
“GUL of the old Saxon cherch, which have been fixed 
u capitals 
le. A series of balusters connected by a ral: 
‘A sort of flat frieze or {ascla ranning hoeteon- 
dn tower of other parts of m bedding, particw- 
chase Lables in perpenilicular work, commonly used 
the long shafts characteristic of the thirteenth Com- 
generally has a bold, projecting molding above 

















ager It is also applied to the badly of the 
Belt. A course of stones of beick projecting from 
cli pla ne wt he lao the wo 
plane, or enriched with patras at regular intervals, 
String. 


- 
Belvedere, or Look-out. A Pryce ran tm =| 
observatory for the purpose of enjoying a fine prospect. =) 
Bema. The semici ns eae mead pe 
sat, and where in alter 
hali-dame oc concha. ‘The seats of the: were against. 
the body of the church, that of the Sag ce fa me center, 
is generally ascended by steps, and railed off by cancelli, 
Bench Table. Tho stone seat which russ round the walls of 
and sometimes round the piers; it very generally is placed ta the 
Bevel. An instrument for taking angles. Owe side of & 5 
be beveled with respect to another, when the angle contained 
sides is greater of less than a right angle. 
Bezantes. A name given to an orsamental molding mnich xr 
man period, resembling bezants, coins struck in Byzantions, — 
Billet. A species of orsamented, molding muck used fy ea 
times in E English work, like short pieces of stick cut off and 


Blocking, or Blocking-course. In masonry, « course of stones 
the top of a comice crowning the walls, 
Bond. Tn bricklaying and masonry, that connection Bets 
formed by lapping them upon one another in carrying Up the! 
ao inseparable mass of-building, by preventing the vertical jo 
cach other, Ia brickwork there are several kinds of bund 


called Headers. In face work, the back of the 

fn a diagonal course of headers behind. Ta 

course és a header course, In’FI 

in each course. * 
Bond-stones. Stones tunning through the ¢hickmess: 

ftngles to ies onder to bind it together. = 
Bond-timbers. ‘Timbers placed in « horitontal direction 

Iwiek building in Gers, and to which the battens, lathe etey 

bolo work, walls ure beter Waugmet Nort Nei wRNyONE 

Border. Waelsi orwarmcahal yeces sell ae Rags ah 








‘The medieval term for 4 round seeing ct toms Whey I 
fe & curve, as round « bench end, jt Is called a Roving Boutell, 


» Any projecting garth uiiies ie Las A 


Window. A window placed in the bow of @ building. 
Te carpentry, an inclined piece of timber, les teas 
in order to form a triangle, amd thereby stiffens 
brace assed by mayo upon tom alr, cad a a Braces 
r ‘and wgan-rools are, or always should be, disposed in gaia, and 


ket. A projecting ‘ornament carrying a comice, ‘Those which support 
thafts or cross springers of w roaf are more generally called Cectels, 
Any projection from the general surface of & buflding. 
0 ‘The arrangement of steacs mag, Ni ticks $0 5 not to allow 


‘recess and tho parapet under the window-sill. 

A lintel, beam, or iron tie, intended to 
Bs externdl ‘wall and Itself supported by plers of 
used principally over shop windows. ‘This term 
‘geldom used, the word beam, or pinder, taking ite 


A method of stiffening floor joist and parti 
tuds, by cutting pieces in between, Cross bridging 
joist is ilfustrated in cut 
Th ancient fortification, nearly the same 48 cEOS—IIDCINO 
Ie modern. 
Ge Bourse. A, public edifice Sor We iskenily Of silent trill 


1 fig colpture, ‘that porion’ of Ud hansen ieee 
EH Gemiprises the head, neck, and aboulders, 
tery. A store-room (or provisions, 
joint. Where the ends of two pieces of thnber or 
butt together, 
Masonry. projecting from a wall, ase iutended 
giben the sume agninst the thrast of a nook o¢ vault. 
ane nodosbt derived (rom the classic pilasters which 


"Tn Norman worl they ame 

. vith very Tittle projection, and gencrally stot wader a 
Oe cotbel table. Early English buttrewos project cos 
nsonctlans with cep shiping moithorings (several 





i 
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(emcrretnn oves atid to her oan ‘& mosquito curtain. 
sh canopies are generally simple, with trefoiled or 


yper windows in the towers have ogee canopies. 
‘The upper part of a column, pilaster, pier, ete. Capitals have been 


i 
il 


To 

capitals a peculiar flower of three or more lobes was used 
the necking upward in most graceful forms. x Tu Detbented ned 
atyles this was abandoned In favor of more realistic forms of 

wes, enclosing the bell like a wreath. Im each style bold abacus 
always used, whether with or without foliage. 


An ornament which like an escutcheon, a shield 
oblong pane bas the central pat pal And wally 
to receive an inscription, armorial bearings, OF aa 
eect ele ct ae Frequently 
Renaissance and 


‘Human female Caen nee eee 
‘aryatic is applied to the human figure generally, whea 
manner of caryatides. 

Covered with other materials, generally of a better evar 


ae design for working in mosaic tapestry, 
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Casement. A glass frame which ts made to open by turing o¢ 
affixed to ite vertical odes. 

Cassoon, or Caisson. A deep panel of coffer ina soffit oF ceiling 
torn is sceetines written la the French form, 7 sormnectieses 
directly from the Italian easstwe, the outimateee een 

Cast. A term used is sculpture for the impression of any Gere | 
plaster of Paris, wax, or other substances, 

Catacombs. Subterranean places for barying the dead. Those of 
and eear Rome, are betieved to be the most Enportant, 

Catafalco. An ocuameatal scaffold used in funeral solemaitics 

Cathedral, The principal church, where the bishop has bis seat asd 

Caullculus. The inser scroll of the Corinthian capital It fs not uno 
however, to apply this term to the Larger scrolls of voletes alsa. 

Causeway. A reise of paved way. 

Cavetto. A concave omamental melding, opposed in effect to the) 
the quadrant of a cecle. 

Ceiling. ‘That covering of a Hretityeoehen Sor aef 
ot the rafters ed the roof Mest European charches either have opex 
aro grained in stoee, At Peterbarough and St. Athans, Ebgland, there 
‘old dat ceilings of boards curiously ae ati later times the boarded 
and, In fact, some of those of pilister, have molded ribs locked with t} 
the intersection, and are sometimes claboeately carved. Th many, 
churches there are ceilines formed of oak ribs; ‘iled in’ ot the 
with narrow, thin pieces of Beard, In exet at of stone rain 
the Elizabethan and subsequent periods: the Sera are enrich 
most elaborate ornements in stucco. Matebed and bended bonrds 
and smoothed, used for wainscoting. Inthe New Eraland States it 
sheathieg. 

Cenotaph. An honorary tomb of monument, distingul ol fro aq 
in being empty, the individual it is to sxemorlalize Bavitig received 


chewhere. 


Centaur. A poetical Imaginary being of heathen mythology, hall4 
hall-borse. 


Centring. In building, the frames om which am axch is turned. 
Chamfer, Champfer, or Chaumfer. When the edie or apris of amy 





medieval work, and is sometimes plain, sometimes bellowed out, aed 99 
molded, 

Chamfer Stop. Chamfers sometimes simply ran into the erris by, 
face; more commonly they are frst stopped by some ormament, as 
they are sometimes terminated by trefoils, or cinguefoils, double oe 
im general form very pleasing features in medieval architecture, 

Chancel. A place separated irom the reat by ie ero | | 
is now generally used to signity the portion of an Episcopal or Cathet) 
Containing the alkar sea communion table, 

Chantry. Neal esa, geneity witha fan, 
+ Contain a Lounder’s \usla, smd ane diva Sect, ian: 
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fon his soul, ‘The officiator, of mass pricst, being often weconneeted 
pparechial clergy. The chantry has goserally en entrance (rom the 





|. A smpll, detached building used as m substitute for a ehurch fn» 
sh; dn apartment in any lange bullding, a palace, @ nobleman's house, 
i pelson, used for public worship; or am attached building rumeing out 
fing part of « large church, generally dedicated to different seints, 
ing its own altar, piscina, etc, and screened off from the borly of the 





wf House. The chamber in which the chapter or heads of the monastic 
sembheil to transact business They are of various forms; sume pre 
fartmests, some octagonal, and same circular. 


el. Ip Gothic architectuge, the capital of a pler or column whieh 


A place for depositing the bones which might be 
ng graves, Sometimes it was a portion of the 
tmetimes it was a separate building kn tbe cherchyurd; 
s-chantzy chupels were attached to these buildings, M. 
Dwe has given two very curious examiples of asswaires — 
Fleuramce, the other from Fanuet 
>—Gothle. sregentation of an infant's head joined to 


jus in the churches oo bey-stones of arches and corbels, 
t@—Gothic. Ancmament turning this and that way, like =" ""*"™ 


bor letter Z. 

weseuro, The effects of Tight and 

‘picture, = 
"That part of a church of monastery 

fe breviary service, or “hone,” Is 

















A thilding for the performance of 
ip. Tho first charches were buill oo Cievater 

the andent basilice, and afterwurd 

of a cross; a church Is said tu be in Geeek Cross when the length ot 
verre is wepsil to that of tbe nave; ti Latin cross, when the ginve ts 
the fransverse part; im rotundo, when It Is a perfect circles slmple, 
sonly a nave and chulr; with aisles, when it hes « row ef prirticon fa 
tilted galleries, with chapels in its elecumiference 


A tabernacle oe vaulted canopy supported on shalts standinut over 

















«AN ring, Hist, or fillet at the top aud bottom of a 
rvieg to divide the shalt of the column frum its 
base, 

fol. A staking or perforation, like a lower, of 
\5 of heaves, as a quatze-fodl ised four, The pnts 
imes in a citcle, azed sometimes form the cmping 
re crrqre-ron, 
own. A garland of cak-leaves and acorns, given 

y distinction among the Romans to such as hod preserved the life 
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Clere-story, Clear-story. When the milidtle of the pave of a ch 
above the aisles and is pierced with 
windows, the upper story is thus 
oll. Sometimes these windows 

are very small, being mere quatre 
foils, of spherical triangles. In large 
buildings, however, they are impor- 
tant objects beth for beauty and 
utility, “The window of the clere- 
stories of Norm work, oven in lave 
churches, are of les importance than 
in the later “oles In Early English 
‘Ubey became larger; and in the Deco- 
rated they are more important still, 
being lengthoned a the triforium 
diminishes. In Perpendicular work 
the latter often disappears altogether, 
and in many later churches the clere- 
stories are close ranges of 
‘The word clere-story is also used to 
denote a similar method of Fighting, 
other buildings besides churches, e= 
pecially factories, depots, sheds, ete, 

Cloister, An enclosed square, like 
the atrium of a Roman house, with = 
walk or ambulatory around, sheltered 
by a roof, generally groined, and by 
tracery windows, which were more 
or less glazed. 

Close. The precinct of « cathedral 
‘or abbey. Sometimes the walls we 
traceable, but now 
henry is.only known by ra, ‘ae ca 

Close String, or Box String. A A ee 
method of finishing the outer edge of oP 2D 
stairs, by building up a sort of curb Vaulted renk o? alse; DD pie 
string on which the balusters set, 
and the treads and risers stop against it. 

Clustered. In architecture, the coalition of several members 
which penetrate each other. 

Clustered Column. Several slender pillars attached to exch 
other so as to form one. ‘The term is used in Roman architecture 
to denote two or four columns which appear to intersect each other 
at the angle of a building to answer at each return. 

Coat. A thickness or covering of paint, plaster, or other work, 
done at one time, ‘The first coat of plastering is called the scratch: 
coat, the second coat (when there are three coats) is called the brown 
Coat, and the last coat is variously known as the slipped coat, 
skimcoat, or white coat. Tt vanes in composition iy digierent | 
Vocalities | 


Coffer. A deep yand\n a ong, ! 
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am. A frame used fn the building of a bridge in deep water, 
alsion. 
‘am. A beam above the lower ends of the rafters, and spiked to 


@ A row of columns. The colonnade is termed, according 

af columns which support the entablature: sneteantia when ee 
saatyle, when six; octastyle, when eight, ete. When in front of a 
‘Fare termed porticos; when surrounding a building, peristyle; and 
or more, polystyle. 

8, or Coliseum. The immense amphitheater built at Rame by 
asian, AD. 72, after his return from his victories over the Jews. It 
in ninety thousand persons sitting, and twenty thousand more 
‘he name is now employed, 
unusually large audience 
nerally of a tomporary 


The name of a brazen 
hh was crected at the 
the harbor at Rhodes, 
and five feet in height. 
(sail between its legs. 


A. round pillar, The 
+ base, on which it rests; 
Med the shaft; and the 
the capital. The capital 
a horizontal table, called 
and the base commonly 
other, called the plinth. 
be cither insulated or 
they are said to be at- 
‘gaged when they form 
Ul, projecting one-half oF 
aot the whole, of their 


EMTABLATURE 


COLUMN 





A line, angle, surface, 
telongs equally to several 





© SECTION OF COLUMN AND ENTAILATURE 


om, Common joists aro 


naked flooring to which (Divided according to the Tuscan Order.) 
‘fixed. Common rafters 
those to which the laths are attached. 


# Arch. Is the polnted or lancet arch. , 
# Order. Tho most olaborate of the orders of classical archy 


A mass composed of broken stone, sand, and hydraulic cement, 
fs sort of artificial stene, much used for foundations; « finer variety 
used In blocks for building houses. 

A long narrow passage between two walls or underground for 
inication between different apartments; also, a canal or pipe for the 
f water. 








Confessional. The seat where n priest or : 
Conge. Another name for the echinwas of ‘on mar 
Conservatory. A building ee a 
‘often attached to a house as an apartment. 
to preserve and Liane’ the iow Same braneh 
arts; a8, & consernavory of music. 

Consistory. piatiatonecrmten 

Consol, or Console. A bracket or tress, generally with serotly 
the two ends, of unequal size and contrasted, but — 
connected by a flowing line from the back of the» 
upper one to the innor convolving face of the lower: 

Coping. The capping or covering of a'wall. This 
is of stone, weathered to throw off the wet. Im Nor= 
mean times, as dar ax can bo judged frees the little there: 
is left, it was generally plain aad Gat, asd projected 
cover the wall with @ floating to form adrip, After- 
ward it apsumed « torusor bowtell at the top, and be 
Scoraliyfecvera sete Tp oiegy oa ee 
geucrally several setwofl, The = 
something of the wavy section of the buttress caps, anil mitred rocnd th 
of the embrasure, 2s well as the top and bottom. 

Corbel. ‘The name, in medieval architecture, fora piece of stime | 
‘of a wall to carry any superincumbent weight. "A piece of Umber peojet 
the same way was called a tagel ora brgger. Thus, the carved dramen 
which the vaulting shafts spring at Lincols — corbels. Norman cert 
generally plain. In the Early English peciod they are sometimes etal) 
carved. They sometimes end with a pen ‘apparently inte th 
on forming a knot, and often are eto: Soyea Genco 
later periods the foliage or ornaments resemble: 
architecture, a short piece of stone or wood pore Sa en | 
support, generally ornamented, al 

Corbel Out. To build out one or more courses of trick boats | 
‘of a wall, to form # support for timbers 

Corbel Table. A projecting comice holies | 
corbels a short distance apart, which “9 fm 
piece of projecting wall forming a parapet, and 
‘small arches are thrown across fram corbel to ona 

Cornice. The projection at the top of « wall. pees | al 
common in classic architecture. In Norman times, the 

which carried 4 portion of plain projecting work, 
hy a coping, and the whole formed a parapet, In Early Kaglint 
s much the same, but the work wns executed in a meich. 
small arches connecting the corbels, Tn the 
d, and « large hollow, with one or 
moldings, substituted; this is sometimes filled with the Dall-fowers, a 
times with running foliages, In the Peependicular 
did not project beyond the well-line below; the woking then | 
{though often improperly: oe ee ee 
‘or sinall 1owees, WA ah eaysad wha coder 
many French examen ae melded aia) ery ah 
‘ornament, 
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‘The brow of the cornice which projects over the bed moldings to 
le water. 
+ Along gallery or passage in & mansion connecting various apart- 
jenning round » quadrangle. Any long pasage-way in a building. 
fink, To make a cavity for the reception of a plate of fron, of the 
ine oF bolt, so that it shall not project beyond the face of the work. 
Columns, Columns arranged in pairs. 

A continued layer of bricks or stones in buildings; the term is also 
palates, shingles, etc, 
Am open area behind * house, or in the center of » building and the 
rts admit of the most clegant orsamentations, sich as arcades, etc 
Coviag. The molding called the cavetto, or the scotia inverted, on 
{und not as a mere molding in the composition of a cornice, is calle! 
coving. 
ticketing. The wocsen skeleton mold or framing of « cove, applied 
te bracketing of a cove ceiling. 
ling. A ceiling springing from the walls with a curve, 
d Plat Ceiling. A ceiling in which the section fs the quadramt of 
hg From the walls and intersecting in a flat surface. 
+ ‘Timber work for sustaining the lath and plaster of vaulted ceilings. 
+ As ornamental finish in the wall or ridge of « building, which is 
‘the Continent of Europe, An cxample occurs at Exeter Cathedral, 
which ts ornamented with a range of small feurs-de-tis in bead, 

As omament running up the sides of gablets, hood-molds, pina 

generally, a winding stem like a creeping plant, 
Jor leaves projecting at Intervals, and terminut- 





‘This religious symbol is almost always placed on 
jgaliles, the summit of spires, and other conspieu- 
‘old churches. In carly tines it was generally 
ften w simple cross in a circle. Sometimes they 
‘of a light cross, crosslet, or « cross In a square, 
ted and later styles they becanie richly floriated, 
fn endless vuriety of fons. Of mensoeial 
finest examples are the Eleanor crosses, erected! 
F Of these a few yet remain, one of which has 
rerected at Charing Cross. Ireaching crosses were often set up 
1s stations for preaching; the mast noted is that in fromt of St. 
‘The finest remaining sepulchral crosses are the old elaboeutely 

found in Ireland. 


‘An old name for a transept. 
er, ‘The transverse ribs of a vault. 
Jalting. A common name given to groins and cylindrical vaults, 
In architecture the uppermost member of the cornice; called also 
Larmier. 

vaulted apartment of greater or leas sloe, usually under the choir, 


A seaall room, dither circular of polygonal, standing oa the top of a 
lsomo it is calle « Lantern, 
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Me As used by architocts, detail means tho smaller parts into which a 
ition may he divided. It is applied generally to. moldings and other 
ents, and again to thelr minutia, 

eter. ‘The Iiue in a circle passing through its center, oF thickest part, 
fives the measure proportioning the fatercolumniation in some of the 


teters. The dinmeters of the lower and upper ends of the shaft of a 
lire ealled its inferior and superior diameters, respectively; the former is 
test, the lattor the least diameter of the shaft. 

@r. A method of decorating a wall, panel, stnined glass, or any plate sat= 
covering it with a continuous design of flowers, rosettes, ete., cither in 
Gr lozenges, or some geometrical form resembling the pattern of a dia 

(ble-cloth, from which, in fact, the name fs supposed hy some to have 

tived: 


yle. A spacious intercolumniation, to whic 
G 








three diameters are 


fos. Adouble-winged temple. ‘The Greeks are said to have constructed! 
‘with two ranges of columns all around, which were called dipterol A 
Projecting two columns and their interspaces is of dipteral or peeuso- 
arrangement. 

targing Arch. An arch over the opening of a door ot window, to die 
ierelleve the superincumbent weight from pressing an the Untel. 

imper. Term applic to painting with colors mined with size or ther 
(substance. All the cartoons of the ancients, previous to the year £410, 
to be done in distemper. 

A portico of tec columns. Thisis not generally applied to the mere 
{th two columns, but to describe a portico with two columns im endir. 
yph. An intercolumniation in the Doric ordor, of two triglyphs, 
feaatyle. A portico of twelve columns in front. The lower ane af the 
fikof St. Paul's Cathedeal, London, fs of twelve colunas, but they are 
| Making the arrangement pseudo-dedecastyle, The Chamber of Depu- 
Maris has a true dodecastyle. 

tooth. A favorite enrichment used from the latter part of the Norman 
Jo the early part of the Decorated. It Is in the form of a four-teaved 
the center of which projects, and probably was named from its resegn= 
p the dog-toothed violet. 

@ “A cupola or inverted cup on a bullding. ‘The appilicatfon of thits tere 
inerally received purpose is from the Italian custom of calling an archi 
Wediureh, by way of eminence, 11 Duomo, the temple; for to one of that 
f Cathedral of Florence, the cupola was first applied in modems pyeactiee, 
Hans themselves never call a cupola a dome; it is on this tide of the Alps 
lication has arisen, from the circumstance, it would appeaz, that the Ital- 
{the teem with reference to those structures whose most distinguishing 
is the cupola, tholus, oc (as we now call it) dome 

QStic Architecture. That branch which relates to private buildings, 
Qn. The principal tower af a castle, generally containing the prisom. 
Frame. The surrounding case into and out of which the dooe shuts and 
It consists of two upricht pieces, called jambs, and « bead, generally fied 
{by mortites and tenons, and wrought, rebated, andl beaded. 

$ Order. The oldest of the thece orders of Greckwy architecture. 
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(Tn slatiog and shingling, the marin or lower purt’of the slating 
wer the wall, to throw the water off from the masonry or brickwork, 


fA molding of cecentric curve, gener- 
When itis carved) into te fms of eggs DOW 
tors alternating, whence the molding is 

the name of the more conspicuous. 1 is ecancus 

as Ovolo, 


t Is synonymous with the terms building, fabric, erection, but is 
ietly applicable to architecture distinguished for size, dignity, axe 








tseence. In architecture, the formation of a whitish loose powder, or 
the surface of stone or brick walls. 


fan Architecture. “‘T'he catlicst civilization and cultivation of the arts 
sper Egypt. ‘The most remarkable and most ancient monuments of tbe 
§ with the exception of the pyramids, are neatly all included in Upper 
‘The buildings of Exypt are characterized by solidity and maashveness 
action, originality of conception, and boldness af form. “The walls, the 
ad the most sacred places of their religious buildings were ornamented 
‘oglyphics and symbolical figures, while the ceilings af the seeticos 
zodiacs and celestial planispheres. The temples of Egypt were genet= 
jut fools, and, consequently, the interior colonnades had Bo pediments, 
ig merely an entablature, composed of only architrave, fries, and 
oemed of immense blocks united without cement and ormamented with 
hic, : 

te The outline of the design of a Decorated window, on which the 
ge the tracery are formed. These ceaters will all be found to fill on 
tieby im some way or other, will be equinvultiples of parts of the openings, 
tracery well, or understand even the principles of its composition, much 
should be given to the study of the element. 

fom. The front facade, as the French term it, of a structure; a geo- 
drawing of the external upright parts of a building. 











tdement. An indented parapet; battlement. 
zon. To adorn with figures of heraldry, or ensigns wemorial. 
faing. Sculpture in rilievo, the figures standing partly out from the 


(eure. The opening in a battlement between the two Faised silhd pore 
nerions, sometimes called a crenelle 

Stic. Pertaining to the art of burning in colors, applied to painting ow 
feelin, or tiles, where colors are fixed by beat; benoe, emcaustic tiles, 


« 

ed Columns. Arc thase attached to, or built into walls or piers & 

lng concealed, 

ment. The addition of ornament, carving, ete, to plain work; decoen- 

jelfichment 

tble. Means the whole work or composition considered together, and. 

fis 

ature. The assemblage of parts supported by the column Eb eune 

(roe perts: the architrave, friem, and © 
In CothicarNtectare, dolicate carving, 














Etching. A modeof engraving o 
of lines, eaten ia of corroded by mei 


7 
import — pyenastyle, systyle, dinsty 
‘of columns from one another in coe 
cach the space it is to express. It 
individually, that the words them 
able convey no idea of an exactl; 
columnar structures of the ancient 
such limitations. It follows, then, 
purely conventional, and may or mi 
power of applying the terms. Ew 
rangement; but, as the effect of 9 
things besides the diameter of th 
columniation would look well or i 
# that the limitation of Eustyle ) 

Extrados. The exterior or conw 
stones; the term is opposed to the? 
Eye of a Dome. ‘Tho aperture 3 
Eye of « Volute. ‘The clrcle in| 
Fagade, or Face. Tho whole cx 
ono view; strictly speaking, the prit 
Pace Mold. The pattern for 5 
ornamental hand-railings for stairs ¢ 
Fan Tracery. The very compli 
dicular style, in which the vauli 
Fascia. A fle 
buildings, but of small projection. 
composed of three bands, or fascias 
one. Ornamental yrofections from 
windows, except Une Upper, are 
Fenentral. \ iam, ot “Cea 
strained to keep oath vind ater 





#3 


rH 


“Aprojecting edge, ey rr, Hangs are ten cas 


oA 
alt RE, 
nes. Picces of lewd, tin, or copper, let tute the jodnts of a 
on or wither picces; als, pieces worked in, the slates: 
rs, chimneys, and any rising part, to prevent leaking. 
Painting finished without leaving & ghosd on the 
‘term tn Premel architecture for a 
the small, slender ercetion rise from the 
and transepts in cathedrals and Jango. churches, amd 


g The pa insite ob France, muck used lad 





gio from columns, to fasten them to those above or below: the top and 
‘and channels are called the flange: aS 


aca a ee a stucoo an 
Floating. ‘The equal specading of or 
‘by means of a board called 4 Goat; axa rule, only rough: 
Floriated. Havilig @orid ornaments, as in Gothic pillars rie sem 
Mle. The space o pasmpe ina 
Each pustape is called a fue, while all center ea ea 
Flush. ‘he contin Sete ee 
Flute. A concave channel, Columns whose shafts are | 
to be fhuted, and the dutes are collectively called ae 
Flying Buttress, An arched! buttress used when exten | 
for the upper part of the wall of the eave, ofc, to resist the outward thro 
‘vaulted ceiling. "The fying buttress generally rests on Ses butt 
the aide, 
eis. The snl arc in ihe feel of OOH SOP 
Foliage. An ornamental distribution of leaves on various parts of | bal 
Foliation, The use of small arcs or foils in forming tracery. 
Font. The vessel msed in the rite of hugitiam. ‘The earlioat extant be my 
tobe that in which Constantine is said to have been Ibaptined: EEC is: Or 
Jabrum from a Roman bath. ‘Those ft eletemii ee 
were intended for immersion; as timo went on, they seem 
smaller. Fonts are sometimes mere plain hollow cylinders, oe! 
smaller below than above; others are massive scquates, stipparted on a'thicl 
round which sometimes a are alga the ty 2 
is still pursaed, and the shafts are they al 
agonal and octagonal, and io this wn the! rBepciareten ted 
ona stem. Norman fonts frequently bave eitious carvings on: 
ing the grotesque; in later times the folinges, etc, partook 
character of these used in other architectural details of their 
The font in European churches § usually placed close to a 
trance. generally that nearest but one to the tower in the somsth 
large buildings, in the middle of the nave, oppotlte 
sometimes in a separate building. Tn Protestast churches bn this: 
fout is generally placed luside the communion rail, of o@ the steps 6 
Footings. ‘The spreading courses at the hase or foundation of a: 
a layer of different material from that of the wall (asa bed of | 
it is called the Footing, 
Foundation. That part of « building’or-wall which ts below th 
the ground. z 
Poxtail Wedzing. Ts a peculiar mode of morting, in whieh 
is notched beyond the mortise, and is split and a wedge | 
y driven in, enlarges the tenom and renders the joint be 
. 
Frame. The name given to the wood-work of wetodows, doc 
carpentry, to the timber works supporting floors, Rooks ete, 
Framing. Tho rough timber work of a house, chee 
partitioning, ceiling, and beams thereof, 
Freestone. Stowe which can we whe Gere moldings | 
padeak to be exh. With hn "Den RAC aA 
generally inckuded toy Vhs vers, 














‘now commoaly applicd to the gates 
Gauge. To mix plaster of Paris 
called gauged mortar, A tool used | 
cdge of a board. 
Girder. A large timber or fron | 
port joists or walls over an opening. 
Glyph. A vertical channel in a f 
Gothic Style. The name of Gott 
at a period in the sixteenth century 
and everything not classic was cond 
lly intended ax one of sti, 
the character of the Medieval style 
from the Grecian and Reman, The 
vertical division, relation and subor 
yet at unity with each other, andy 
architecture may be said to ave rel 
Grange. A word derived from th 
ranges were usually long buildings 
by posts or columns into a sort of nat 
In England the term was api 
buildings which formed the detach! 
cre was a chapel either 
scparate edifice. 
Grillage. A framework of beam) 
beams notched upon them, used to 1 
Grille, ‘The fron-work forming t 
tecting railing to a Comb or shrine; 
England. wy are of wrought iron 
put together elther by rivets or clip: 
sively fot protecting, the lower winds 
outside doors, 
Groin. By wine deserter 
ross each other, whiks athens cal 





= 


$a 


oe 
covering a building with s 
ets 
0 si p 
oe 
from 
wore | 


vaulting, but 
ive, of intersecting. 
was) 


1y keeping up the ogi 


a haying 


‘Te ec pin te la 
‘wall to: 
some affinity to the dome: 


a tal buts oas arhet ot 


without cutting into the walling, and to add. 
vol the groining. Of course, the | 


‘was now not treated as contaued 


{ 
af 
i 
aa 
{ 
i 
Le 


i 
é 
i 


and intersect cach. 





‘ivblas, ‘Welsh, or Underpitch. When the nebo ar 
sroloing is higher than the cross or transverse vaults: tr 
the system of vaulting is called preety sen hog t 
mee et grolaing. A sid sie ae 
Engl 
Groove. In joinery, a term used to signify a sunk 
rectangular, It is usually employed om the = ole of a 
etc, oto which a tongue corresponding to ite sectioa, sod in 
‘the wood to which it is joined, is inserted. 
Grotesque. A singular and fantastic style of oenamest Foul 
Hulldings. em 
Grotto, An arttictal cavern, Seta 
Ground Floor, ‘The floor of x balling on w level oF 
ground. tty the 
Ground Joist. Jolt hat is black wom the eo 
Grounds. Pieces of wood embedded th the plastering of 
skirting and other joiner's work. is attached. ‘They are alsa. uae 
plastering around door and wiudow openings, 
Grouped Columns. ‘Three, four, of more cobemns, 


Grout. Mortar made so thin by the addition of 
water that it will run into all the joints and cavities | 
‘of the mason-work, and fll (t up sotid, 

Guilloche, or Guillochos. An joterliced orm 
ment like net-work, used most frequently to etirich 
the torus, 

Guttw. The small cylindrical droppin used to ene 
rich the mutules and regule of the Doric’ entablae 
ture are «0 called. 

The channel for carrying off eee 
fiFored little from others except 
that, they: are ofteis ho lows sunk in the top of 


dh, un: Seeent iw Preach, 


manshum. \ \nildiog, Sash ton etwas 
ton Ney hostructeh ne yout tn wh eeu 
athictle exerdsc- 
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Herring-bone Work. Bricks, Ule, or other materiaks arranged disgee 
in building. 

Hexastyle. A portico of six columns in froat & of this description. 
‘High Altar. The principal altar in a cathedral or church. Where there 
second, it is generally at the end of the choir or chancel, mot is the lady chi 
Hip-knob. Tho Ginial on the hipaf « rood, of between the barge boards 


gable. 

Hip-roof. A roof which rises by equally inclined planes from all four} 
of the building, 
Hippodrome. A place appropriated by the ancients for equestrius exer’ 
Hips. Those pieces of timber placed is an inclined position at the come) 
angles of a hip-reol. 

Hood-mold. A word used to signify the drip-stone for label over a win 
or door opening, whether inside or out, 





Northera Italy. of jay 
the receipt of town dues, the vai of markets, Ceagt ns) magisty) 
barracks for police, prisons, and all other fiscal parposes. As may the enue 
they differ very much in different wowes, but they have almost ivar| 
attached to them, or closely siljacent, 4 liege clock-tower containing 
more bells, for calling the people together on special occasions, 

Hatel Dieu. The name for a hospital in medieval tinses, Tn Emgland | 
are but few remains of these buildings, one of whick ist Dover: in Praice? 
are many. ‘The most celebrated is the one at Angers, yy 
They do not seem to differ much in arrangemest of plan fron those 
days, the accommodation for the chaplain, medicine, nurses, stores, etc, 
much the same in all ages, except that to er leanegitemrm aa 
being placed in Jong wards like galleries, as ix now 
buildings, with naves and side aisles, like churches. 

Housing. The space taken out of one solid to admit the insertion of and 
‘The base on a stair is generally housed into the treads and risers: = ulcke! 
statue 

Hypwthros. A temple open to the air, orancovered, The term mayb 
more easily understood by sapposing the roof removed from ower the nave 
church in which columns or piers go up from the floor to tlhe ceiling, leavinj 
aisles still covered, 

Hypogea. Constructions under the surface of the earth, or fa the side 
hull of mountain. 

Ichnography. A horizontal section of a building or en howl 

true dimensions according to a geometric scale, & 

Impluvium. ‘The central part of an ancient penne court, which wa 


covered. 


Impost. A term in classic architecture for the horieontal meldings of 
or pilasters, from the top of which spring the archivolts or moldings whi 
round the arch, 

Tn Antis. ‘Nivea there are two columns between the ante of the lateral) 
and the cella 

Indie. ‘To catin; to cance, \o cane 


Indented. “Tootned \oeetner. | 





simple stone projecting beyond the 
fathoy be oe af eer ke ae 


ridh-sculptured console. 
‘Tho middle post of s 
ree 
Knee... \ pioce of vinber naturally of artiicially bent to re 
relieve'n weight or strain. 
Knob, Knot. ‘The bunch of flowers carved oa curkiely or 
Kremilia, "The Ruslan née for Cll tt ede ed 
Label. Gothic; the dtp a Bodog cy en 


tho square, 


Sab, inde, et. scl wnaethade Se eee 
ppt pita seal tots Sor fd 


queens, bishops, and other persons suppased to een | 
the Perpendicular period Lanai tenia 
or knee, and the folinges are generally leaves of oars or octagonal fort 
Lacunar. A pancled or coffered ceiling or soffit. ‘The panels c 
@ celling are by Vitruvius called lacunaria, 
Lady-chapel. A small chapel dedicated to the 
Virgin Mary, generally found in ancient cathedrals: 
Lancet, A high and narrow window polnted like 
a lancet, often called a lancet window. - 
Landing. A platform in a fight of stairs between” 
two stories; the terminating of a stair. 
Lantern. A turret raited above a roof oF tower = 
and very much pierced, the better to tran et ot m 
In modora practice this term is generally es cE 
auy raised part in a roof or ceiling containing vertical 
windows, but covered in horleontally: ‘The mame was also often 
louver or femerell on a roof to carry off the smokey peri eyacsren d= 
constructions at the top of towers, as.at Ely Cathedral, -prebably: 
were placed in them at night: to serve as beacons, 
Lanterns of the Dead, Curious small slender towers, 
centre and west of France, havin apertures at the baitogy he 
hibited at night to mark the pice of a cemetery. Sonse have) 
round towers in Ireland may have served for this purpose. 


Lath, A dip cl woe men dating, Gling, andl pil 


Lattices. Any work hwo cr meth male ng alee 
and forming, s netwot. Dreads wed ative haiti 











— 


Lozenge Molding. A kind of molding used 
Pesonmeas of many different forms, all of wiilch are cher 
acterized by lovenge-shaped ormaments, 





towers, through which the bells 
are drawn up. 


Machicolation. A parapet 


‘or gallery projecting from the upper part of the wall of a Bouse ot fortity 
Uon, supported by brackets or corbels, and perforated ia the lower part 
the defenders of the building might throw down darts, stones, aid eet 
hot sand, molten lead, ¢¢c., upon their assailants below. 

Man-hole. A bole through which man may creep into = drain, compe 
stoam-builer, etc. 

Manor-house. ober pee pyre is ray 
the central tower or keep of a castle is often called the mangir, 


Mansard Roof. Curb roof, invented tyr Frangsts Maman, 4 ising 


French architect, who died in 1666. 
Mansion. A residence of considernle size ad pretension. 


Mantel. The work over a fireplace in front of & chimney; especially, ash 
usually ornamented, above the fireplace. 


Marquetry. Tolnid work of fine hand pices of wood alegiatl 
of different colors, also of shells, ivory, and the ke. 


Mausoleum. A magnificent tomb or sumptuous sepals | 
ebral monument, 

Medallion. Any circular tablet on which are embossed = 
figures or busts. 

Medimval Architecture. ‘The architecture of Eng- 
Germany, otc, during the Middle Ages, incheding the Noenan® 
arly Gothic styles. It comprises alsa ‘the Romanesque, Byrantion anil Sv 
cenic, Lombard, and other styles. 


‘The different parts o€ a building, the diferent paartact 
lature, the different moldings of a cornies, ete. = 
Merfon. ‘That part of a parapet which lies between 

two embrasure 
Metope. ‘The square recess between the teller fey 
& Doric frieze, Tt is sometimes occupied by sculptures. 
Meazanine, A low story between two lofty onet, 
Ln is called tog Uhe Brenes entrenal, ox \edine-sROry 
Merzo-tilkewo. Gr mean reieh, ‘en compli wt 
alto-tiliewss, ot Wligh velit. 
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as our sailors sy, “wormed 
quaint stiff foliages, beaks of birds, | 
celvable kind, are sculptured fn} 
profusion as has been attempted 1 
English moldings are chiefly the « 
teristics of this style, though it ist 
generally placed in a deep hollow 
shadow in the hollogr contrasting fe 
moldings. Tn this period and in | 
ticularly if they are. double doors, is 
period rosemble the former, except 
‘tooth gives way to the hall-flower. 
with rosettes set at intervals, which 
as the hall. flowers are frequently. 
labels of windows are often found | 
dicular period the moldings are o| 
leaved flowers set at inteevals, but 
are running patterns of vine leave! 
hy old writers are called “vignett 
generally called, the Tudor le: 
Ube same Character, 
wuilion, Maumhon. “Tre yen 
an Vike: Deemer 











WH 


‘ 
Offsets, When the face of » wall is net one continued surface, but 9 
hurisontal jogs, as the wall grows higher and thinner, the jogs are calle 
‘Ogee. ‘The name applied to « modding, partly « hotlow and partly 
sail decir tho Gab from ls alas eC Sa eee a 
found in Norman work, and & not Very comenon ti ‘English, 
quent use le Decorated work, where it becoenes sometines double, ass’ | 
wave molding; and futer still, two wuves are connected with n seal tie 
is then called a brace molding. In anchest MSS. it is called m Ress) 

Orchestra. Tn ancient theaters, where the chorus used to dance; & 
theaters, where the musicians sit. 

Order. A column with its entablature and stylobate isso called. Tl 
the result of the dogmatic laws dedoced from the writings of Vitruviuy 
been exclusively applied to those arrangements which they were th 
warrant, 

Oriel Window. Gothic: a projecting angular window, commonly 
apseal or pentagonal form, and divided by mullions and transans itd 
bays and compartments. 

Orthography, A geometrical elevation of « etd 
iit Is represented as it actually exists or may exist, and not perspectivel 
would appear. 

‘Orthostyle. A columnar arrangement fa which the columms are pl 
straight line, 

Ovolo. Same as Echinwr. 

Pagoda. A namo given to temples in India and China, 

Palace. The dwelling of a king, prince, or bishop. 

Pale. A fence picket, sharpened at the upper end, 

Pane. Probably a diminutive of panneau, a term applied to the 
pieces of glass in a window; same as Light. 

Panel. Properly a piece of wood framed within four other ploces ol 
in the styles and rails of a dooe, filling up the aperture, bat aften apglix 
the whole square frame and the sinking itself; also to the ranges of suo 
partments in wainscoting, cornices, groined vaults, cellls 

Pantograph, or Pentagraph. An instrament for copying on the = 
enlarged or reduced scale. 

Pantry. An apartment or closet in which bread and other prow 
kept, 

Papier-maché, A hard substance made of apulp fromm rage or 
with size or glue, and molded Into any desired shape. Muels sasod 
tural ornaments, 

Parapet. A dwarf wall along the edige of w roof, of round a | 
to prevest persons from falling over, and 24 4 protection to the defends 
of a siege, Parapets are either plain, embattled, perforated, oF pame| 
Jast two are found in all styles excent the Norman, Parapets 
portions of the wall generally overhanging « little, with coping at | 

paneled, by 





corbel table below. Embattled parapets afe sometimes 

Dicroed for the discharge of arrows, etc. Perforated parapets and 4 
Various device, —aacieclas, trefoils, quatrefolls, and other designs —# 
Tight \s seen through. Barca yarns een those Ormumented bys 


panels, clover chiang, oc seqaare,, ud meee a si een Ne ine at 
These are common ln Yon Tecomiet sa Rex yeniiaiiann eave | 
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jeting. A species of plastering decorsted hy impressing patterns om it 
ft, ‘These seem generally to have been made by sticking a aumber of 
‘1s boaed in certain lines or curves, and thea pressing on the wet plaster in 
(ifivections, so a8 to form geometrical figures. Sometimes these devices 
felief, and in tho time of Elizabeth represent figures, bled, foliages, ete. 
plastering, commonly adopted for the interior surface of chimneys. 

or. A room fn a house which the family usually occupy foe sotlety and. 
{ation, and for receiving visitors The apartment in monastery or 
¥ where the inmates are permitted to meet and converse with each other, 
( Visitors and friends from without. 

ehial. Belonging or relating to a parish. 

(uetry, or Marquetry. A kind of inlaid floor composed of small pieces 
Hcither square or triangular, which are capable of forsning, by their die 
|} Yarious combinations of figures; this description of joiery ts very 
t for the floors of libraries, halls, and public apartments 


ida Tartitlons of brick or stone betwoon buildings on two adjoining 


fa. Accircular omament resembling a dish, often worked in relief on 
ete. 

ment. Tessellated, a pavement of momlework, 
(the ancients, made of square pieces of stone, ete, 
Vossera. 


lion. A turret or small insulated building, and 
fed beneath a single roof; also, the projecting 
front of a building which marks the centre, and 
fometimes flanks a comer, when it is termed an 
{ pavilion, 

(etal. The square support of a column, statue, 
id the base or lower part of an order of columns: it consists of @ plinth 
iso, the dic, and a talon crowned for a cornice, When the height and 
feequal, it is termed a square pedestal; one which supports two columns, 
pedestal; and if it supports a row of columns without any break, it is 
juied pedestal. 

ment. A low triangular crowning, ornamented, in froat of « building, 
ir doors and windows. Pediments are sometimes made im the farm of a 
tj the space enclosed within the trlangle is called the tympanum. Also, 
be ends of classic buildings, where the horizontal cornice is carried across 
it, forming a triangle with the end of the roof. 

lent. A name given to an clongated boas, either molded or follated, 
hang down from the intersection of groins, expecially in fam tracery, ot 
fod of hammer beams. Sometimes long corbels, under the wall pleces, 
fas callod. ‘The name has also been given to the lange masses depend 
enriched ceilings, in’the later works of the Pointed atyle, 

lent Posts. A name given to those timbers which hang dows the aide of 
fom the plate in bammer beam trusses, and which receive the hammer 








fentive. A name given to an arch which cuts off, aa ft were, the comers 
ire building internally, so that the superstructure may become 8a octagon 
mo, In medieval architecture these arches, when under a spire in the 
wha tomer, are called Squlaches, 





sixth part of their breadth, ‘The Greeks 
capitals of pilasters, and nadie them th 
Romans gave them the same capitals as the ic 
minished width at the top, similar te the: 
Pile, A largo stake or trunk of a tre, i 
bottom of a river, cla mde and, for the aE 
Pillar, or Pyller. A word generally 
‘bose surrounded with clustered ¢ 
lding. Saxon and Barly Norman 
shafts built up of small stones. 
wometinnes with otber squares breaking: 
French nd German wot) mse its 
jakn octagsins. “Un Burman 
idles Teith tuo GF mire teielatar ee 
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‘Work. Ashlar laid in horizontal courses; same as coursed ashlar, 
A groove on the edges of a board 

A depth of some inches in the thickness of a wall, as a niche, otc, 
jory. ‘The hall of a monastery, convent, ete,, where the relighves took 
f meals together. It much resembled the great halls of manaices, 


ic., except that there frequently was a sort of ambo, approached by 
‘which to read the Legenda Sanctorum, ete., during meals. 


~ A flat, narrow molding, used to separate from each other the parts 
of compartments and panels, to form frets, knots, etc. 


ince (a ciew birth), A name given to the revival of Roman architec- 
span Into existence ia Italy as early ns the beginning of the fifteenth 
und reached its zeaith in that country at the close of the century. 
several divisions of this style as developed in different Jocalities; viz, 
entine Renaissance, of which the Pitt! Palace, by Brunelleschi, is one 
it examples, 
tian Rewsissance, characterized by its elegance and richness, 
omen Renvissance, which originated in Rome, under the architects 
(Bronte, Vignola, and Michacl Angelo. Of this style the Farnese Palace, 
‘sand the modern Capitol at Rome are the best examples. 
‘enek Renaissance, introducer into France in the latter pat of the fif- 
intury, by Italian architects, wherw it fouristed untit the middle of the 
ath century. ‘The Renaissance style was introduced into Germany 
€ middle of the sixteenth century, and lnto England about the sume 
fohn of Padus, architect to Henry VIE ‘This style in England is geni- 
‘wn under the name of Elizabethan. 
ing. In drawing, finishing a perspective drawing in ink o€ color, to 
(the spirit and effect of the design. The first coat of plaster om brick 
work. 
08, Dorsal, or Dossel. The screen of other ornamental work st the 
altar. In some lange English cathedrals, as Winchester, Durbam, St, 
te, this is a mass of splendid tabernacle work, teaching menrly to the 
Tn smaller churches there are sometimes ranges of arcades or paselings 
tealtars; but, in general, the walls at the back and sides of them were of 
, and adorned with hangings or paraments In the large churches 
ch altar usually stands wnier a sort of canopy OF 
and the sacrarium ts bung round at the back and sides with curtalns.on 
rods 


fated Work, ‘That in which the courses are arranged in a form like 
tof a net. The stones or bricks are square and placed losenge-wise, 


& The continuation of a molding, projection, etc, in an opposite 


















4 Head. One that appears both on the face andl edge of a work, 

L. ‘Thetwo vertical sides of an aperture, between the front of « wall aed 
aw or door frame 

A motding or projecting piece mpon the interior of a vault, oF used to 
ery and the like. he earllest groining had wo ribs In early Norman 
in int arches crossed cach other, forming ogive tits. "These by degrees 
arrawer, had greater projection, and were chamfered, In later Nor~ 
Ute ribs were often formed of a large roll placed upon the flat basic, 
of two rolls side hy side with a smaller roll of » fillet betwoon then, 








of rounds, aud form square or stellar panels, with carved bosses or 


Ridge, Tho top of a root which rises (oan acute angle, 
Ridge-pole, The highest horizontal timber in # rool, extendity 
he evecal pain of Salter es eae 
Falters. 1 
Rillevo, or Relief. The projection of an architectural ornamen 


Rise. The distance through which anything rises, as the rise! 
inclined plane, 


Riser, The vertical board under the tread in stairs. 


Rococo Style. A name given to that variety of the Reauisianed 
‘vogue during the seventeenth and the letter part of the sixteenth 
Romanesque Style. ‘The term Romanesque embraces all thos 
chitecture which prevailed between the destruction of the Romas 2 
beginning af Gothic architecture, In it are included the Early Rot 
architecture, Byzantine, Mabometan, and the later Romaneseut 
proper, which was developed in Italy, France, England, and Gel 
later Romanesque, which wus quite different from the preceding, ca! 
daring the tenth ceatury, and roached its height during the twetfti) 
in tho thirteenth century gave way to the Pointed or Gothie style. 
Romanesyue architecture is known under the same of the Saxon, 
Lombard styles, according to tho different political periods. 
Rood. 4 name applied to a cructtix, particularly to those whic 
in the rood-loft or chancel screens. Those generally had not 
the crucified Saviour, but also those of St, Jobu anil the Vi 
‘one on cach side. Sometimes other saints and angels are 
of the screen is set with candlesticks or other decoration 


Rood-loft, Rood-screen, Rood-beam, Jube Gallery, etc, 
meat to carry the crucifix or rood, and to screen off the chancel fro 
the church during the breviary services, asd as a place whence t 
partsof those services. Sometimes the cruciiicx {s carried. ong 
vorse beam, with or without a low screen, with acs below by 
part of such support. In European churches the general construct! 
screens ds close paneling beneath, about g feet to 5 feet 6 inches by 
stands screen work composed of slender turmed balusters of neq 

mullions, supporting tracery moee of less rich, with condoms, crest) 
often painted in brilfiant colors and gilded, ‘These not oply erecloss 
but al pel, chantrics, and sometimes even tombs. In Engll 
vate bouses, the great halls were screened off aie ] 
rsite to the dais over which was a gallery for 

HS Those screens were sometimes close and sometiones, 

Rood-tower. Nh name given uy smelters to the central 
oor the interseetion oh No mane sat Sas 
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jambs, they have sometimes been call 
Sagging. ‘The bending of a body |) 
‘upon it. 


“Salient. A pevjectian. 

Salon. A spacious and elegunt ap 
for state parposes, or for the tecep 
through two stories of the house, 
droular. 


Sanctuary. That part of a churc 
sacred of retired part of « temple 4 

‘Sanctus Bell-cot, or Turret. A) 
sounded at various parts of the servic, 
ete. are read. “This differs but little} 
generally on the top of the arch dividii 
however, the bell seems to have been 
land sanctus bells have also been plai 
nental Europe they run up into a» 
France, and guplie tn ttaly. 

Saracenic Architecture. That E 
which distributed itself over the wor 
modification and combination of the 
conquered. 

pees i A tomb or coffin n 


"ape ‘The framework which hold 
Scabble. ‘To dress off the roughe 
‘with @ stone axe or scabbling hamme 
Scagliola. An imitation of coloret 
bination of kypsum, glue, isinghass, an 
Polish, Invented between 1600 and 16 
Scantling, The dimensions of s | 
also, studding for « partitiog, when 
Scarfing. The joining and boltin 
versely, so that the two appear af on 
Sconce. A fixed hanging or proje 
Scotia. A concave molding, most 
deep shadow on itself, and is therely 
asina base. It is like reversed ov 
would present. 
Scratch Coat, ‘The first coat of p 
for the second coat, 
Screeds. Long narrow strips of ph 
carefully faced out of wind, to serve 
ween them. 
Any construction subdiv} 
chantry, chapel, etc. The 
shutting of \oe chores carhnaleann. in, 
cancelli enclosing, te vera, ahiax a 
chief screens ina daurch axe Sane 








rawing showing the internal heights of the various 


At supposes the building to be cut through entirely, 20 as to 

th eh fhe tra dy te sa 

§ thicknesses of the floors, etc. It is one of 

| the exhibition of a Design. 

+ Seats used hy the celebrants during the pauses in nae 
Wy three in number — for the priest, deacon, and sub-deacon — and 
land almost always a species of niches cut kato 

Separated by shafts or hy a species of 

pinnacles, and other enrichments more or ess 





movable seats; 4 single stone seat has rarely been 
ae etemeprere agen eet Cope 
part of the thicker portion appears 
IBgecrly ented ty peeing doe We 
cone a 
(part projects before tho lower, brett 
te portions of buttress caps which recede one behind another: 
offs “ 
[Th Classical architecture that part of a column between the necking 
ir sing ne In later tes the term is applied te 
sci weanding ace 0 to eae 


Baheree A root with only one set of afters, aig fom 
Oa lower wall, ike an aisle roof. 

| Applece of timber placed In an oblique ifreetion to stippaet a 
bporarily while it is being repaired or altered. 

A sort of ark or chest to hold relics. It Is sometimes marely-a 
tally with a raised top like a roof; sometimes an actual 
‘sometimes a large constriction, like that of Edward the 

fer, of St. Genevieve at Parts, etc. are covered! 
way; that of San Carlo Borromeo, at is of beaten 
Are the timbers on the ground which support 

imber building. i py me foe te 
Ge stone at the bottom of doers or windows. 

tek. The inclined stone from which an arch springs, 
[8 The narrow boards which form a pllsth around the margin of a 
generally called the hase. 

a Se eo ee eee 
‘The lower horicontal face of anything #4, for example, of an ental 
Ing on und! tying open between ‘the columns or the wr fcg of aa arc 


de wets. 
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Sound Board. The covering of a pulpit to deflect the sound into « chee: 

Spall. Bad oe broken brick; store chips. 

‘Span. ‘Tho distance between the supports of & beam, girder, arch, truss, 

Spandrel, or SpandriL. The space between any arch or curved brace and 
level label, beams, etc. over the same, The’ irels ower doorways in Per 
dicular works are generally richly decorated, 

Specification. Architect's Tho designation of the Kind, quality, 
quantity of work and material to go in a building, in comjunetiog with the worl 
drawings. 

Spire. A sharply pointed pyramid or Lizge pinnacle, ren ice 
England, and forming » finish to the tops of towers. ‘Timber spires are 
common in England. Some are covered with lead in fiat sheets, others with 
‘ime motal in narrow strips laid diagonally, Very many are covered | 
shingles. In Continental Europe there are some elegant examples of apin 
open timber work covered with lead. bo 

Splayed. ‘The jamb of a door, or anything etse of which one side make 
oblique angle with the otber. 

Springer. The stone from which an arch springs; fm some eases this 
capital, or impost: In other cases the moldings continue down the pier, 
lowest stone of the gable is sametimes called 4 springer, 

Squinches. Small arches or corbeled et-olfs running diagomally and, | 

c, cutting off the corners of the inteeior of towers, to being them from 
square to tho octagon, etc,, to carry the spire, 

Squint. As oblique opening én the wall of a church; expecially, in modi 
architecture, an opening $0 placed as to afford a view of the high altar from 
transept or aisles. 

Staging. A structure of posts and boards for supporting workmen 
material ia building. 

Stall. A fixed seat in the choir for the nse of the clergy. In early Chrij 
times the thronus cathedra, or seat of the bishop, was ih the center of thei 
of bema bohind the altar, and agsinst the wall; those of the presbytiers alas) 
against the wall, branching off from side to side around the semicircle, In| 
times the stalls occupied both sides of the choir, return seats ne ee 
ends for the prior, dean, precentor, chancellor, or other officers. 
cathedrals, each stall is surmounted by tabernacle work, and aaa oxne} 
generally of oak. 

Stanchion, \ word derived from the French dances, a wooden 
to the upright Iron bars which pass through the eyes pepsi onsiny 
zontal i ly Ure lead lights, The French call the litter traserse, 
stanchions mowawls, and the whole artangement armafwre. Stanchions 
quently finish with ornamental heads forged dat of the fros. 


Steeple. “A general name for the whole arrangement of tower, belfry, spitn, 
Stereobate. A basement, distinguished from the orarly equivalent term 


lobate by the absence of columns. 
Stile. The upright piece in framing or paneling: 
Stilted. Anything ralsed above its usual level, Am arch is stilted whe 
sprlng. 
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centre ip raised shove the tine from which the ardh appenes to: 


Stoop. Arsearloclore oe doen, chiena yendaswith « Balustrade an wel 
Whe aides. 
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Stoup. A basin for holy water at the entenace of Roman Catholic churches, 
all who enter dip theie fingers and cross themselves, 

Straight Arch. form of arch in which the intrados ls stralght, but with ite 

Jolnts radiating as in a common arch. 

Strap. An iron plate for connecting two or gore timbers, to which It is 
screwed by bolts. 1t generally passes around one of the tlmbers. 

Stretcher. A brick or block of masonry laid lengthwise of a wall, 

String Board. A hoard placed next to the well-hole In wooden stairs, termi- 
nating the ends of the steps. The string plece is the piece of board put wnder 
the treads and risers for a support, and forming the support of the stafr, 

‘String-course, A narrow, vertically faced and slightly projecting course in 
an Hevation. If window-sills are made continuous, they form a string-course; 
batif this course is made thicker or deeper than ordinary window-sills, ar cavers 
& setoll in the wall, it becomes a blocking-course. Also, horizontal moldings 


ca, et 
‘periods; in fact, these last, after passing: round the 
n horizontally and form strings. Like labels, they are 

often decorated with follages, ball-owees, ete. 


‘The term sty! aia hitecture has obtained a. conventional seating 
beyond its simpler one, which applies only to columns and columnar arnamge- 
ments. It,is now ised to al the differences in the moldings, general out- 

jetails 


plumns. Stylobate is synonymous with pedestal, 
but is applied toa contin oat and unbroken substructure of basement to colimns, 
insulated supports. ‘The Greek temples gen- 
Il around the temple, the base of the column 
eating on the top 3 p; this was the stylobate. 


mcs given to the seat fo the stalls of churches; 


two diameters are assigned. 
4 tuiche or receas in which an image may be placed. 
They are generally aamented and often surmounted with crocketed 
gables. The word ub n used to denote the receptacle {or relics, 
Which was often ma 


CADODY, Sty 


Tail Tamer. A trimmer next to the wall, into which the ends of joists are 
fastened to avoid Buc. 
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Tamp. To pound the earth down around a wall after it has been throw 

Tapestry. A kind of woven hangings of wool of alk, ormamented with fiy 
and sed formerly to cover and adorn the walls of rooms. They were eft 
the most costly materials and beautifully embroidered, 

Temple. An edifice destined, in the earliost times, for the public exec 
religious worship. 

Templet, or Template. oes, used phe Beep ton 
A short piece of tlmber sometimes lad e gltder. 

Terminal. Veo he er att eg the ba 
shoulders alone, are carved, the rest running into 
a parallelopiped, and sometimes tato a diminishing 
pedestal, with {cet indicated below, or even withy 
out them, are called teeminal figures. 

Terra-cotta. Baked clay of a fine quality, 
Much used for bas-relicls for adorning the frieses 
‘of temples. In modern thnes employed for archi 
tectural ornaments, statues, vases, etc. 

Tossellated Pavements. ‘Those formed of 
temene, or, as some write it, tessclle, oF small 
cubes from half an inch to an inch: square, like 
dice, of pottery, stone, marble, enamel, ete, 

Tetrastyte. 4 portico of four columns in front. 

Tholobate, ‘That on which a dome or cupola 
frosts. "This isa torm not in general use, Hut itis not 
the less of useful spptication. What Is 
termed the attic above the perlstyle and under the cupola of St. Baul’ Loy 
would be correctly designated the tholobate. A tholobate of « ultferent ie 
tion, and one to which no other name can well be applied, f the cirelia 
structure to the cupola of the Univerdty College, Lendan. 


‘Throat. A channel or groove made on the underside of = string-c 
coping, ete., to prevent water from runsing jawand toward the walls 

Tie. A timber, rod, chain, otc., binding two boilies together, which 
tendency to separate or diverge from each other, The e-beam connect 
bottom of a pair of principal rafters, and prevents them fram Eee 
wall 








i 
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Tiles. Flat pleces of clay burned In Kilns, to cover roots tn place of 
lead. Also, Hat picces of burned clay, either plain oF ormimented, glia 
unglazed, used for floors, wainscoting, and about Greplaces, ete Senall s 
pieces af marble are also called tile. 


Tongue. The part of a board left projecting, to be inserted into a gra 


Tooth Ornament. One of the peculiar marks of the arly English per 
Gothic architecture, generally inserted in the hollow moldings of door 
windows, etc. 

Torso. A mutilated beignets re S| 
with twisted shafts have also this term. Of this ieiad there ane: 

‘Torus. A yotuhorance or swelling, a molding 
whose form is comes, and, peneraihy teadly approaches 

a worchrcle, Wes er, Yrenendleg ‘wise an AES AL 
ja generally Yor Wowes, maine a shi 
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An elevated building originally designed foe purpeses of defence. 
ildings are af the remotest antiquity, and aro, indeed, mentioned in the 
Scriptures. In mediseval times they were generally attached to churches, 
eries, to castles, or ued as bell-towers in public places of large elties. 
thes, the towers of the Saxon period were generally square. Norman 
were also generally sjuare. Many were entirely without buttresses; 
iad broad, flat, shallow projections which served for this purpose. The 
ndows were very narrow, with extremely wide splays inside, probably i 
9 be defended by archers. ‘The upper windows, like those of the preced= 
, Were generally separated into two lights, but by a shaft or short column, 
by a baluster. Early English towers were generally taller, and of more 
proportions, They almost always had lange projecting buttresses, and 
stone staircases. The lower windows, as in the former style, wore 

ty mero arrow-slits; the upper were in couplets or triplets, and sometimes 
te top had an arcade all around, The spires were generally broach spires: 
fetimes the tower tops finished with corbel courses and plain parapets, and 
with pinnacles, ‘There are a few Early English towers which beeak {nto 
gon from the square toward tho top, and still fewer which finish. with two 
Both these methods of termination, however, are common in Continental 
At VendSmo, Chartres, and Sentis the towers have octagonal upper 
uerounded with pinnacles, from which elegant spires arise, In the North 
din Rome, they are generally tall square shafts in four to six stages, 
buttresses, with couplets or triplets of semicircular windows in each 
tmerally crenellated at top, and covered with a low pyrémidal roof. “The 
pwn leaning tower at Piss is cylindeical, in five stocies of arcaded colo 
In Ireland there are in some of the churchyards very curious round 














bry. The omamental filling in of the heads of windows, panels, elrcular 
'§ etc, which has given such characteristic beauty to the architecture of 
‘teenth century. Like almost everything connected with mediseval archi~ 
this elegant and sometimes fairy-like decoration seems to have sprung 
te smallest beginnings The circular-headed window of the Normans 
ly gave way to the narrow-polnted lancets of the Early English period, 
less light was afforded by the latter system than by the former, It was 
fy to have a greater number of windows; and it was found convenient to 
hem together In couplets, triplets, etc. When these couplets were as 
Lunder one label, a sort of vacant space of spandrel was formed over the 
and under the label. To relieve this, the first attempts were simply to 
te this flat spandrel, first by a simple locenge-shaped or circular opening, 
erward by a quatrefoil. By picrcing the whole of the vacant spaces in 
tow head, carrying moldings around the tracery, and adding cusps to it, 
ation of tracery was complete, and its caellest result was the beautiful 
Heal work such as is found at Westminster Abbey. 
sept. ‘That portion of 2 church which pe 
td choir at right angles, and so forms a cross on the plas, 
(som. ‘The horizontal construction which divides a wiedow Into 
‘of stages. Transoms are sometimes sdinple pleces of muliions placed 
fsely ns crossbars, and in Inter times are richly decorated with 
ete, 
lerte, To plane in a direction across the grain of the Wood, as to traverse 
by planing across the boards 
(he The Devveaatal port of a step of a stair. 




















ses transversely between the 
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‘Trefoil. A cusping the outline of which ts deeived from # three-leaved fl) 
‘of leaf, a8 the quatrefoil and cinque-foll are from those with four aad five, 

Trellis. Lattice-work of metal or wood for vinés to nin uf. 

‘Trestle. A movable frame or support far anything; when made of a) 
piece with (our legs it fs called by carpanters a horse. 

Triforium. The arcaded story between the lower range ef piers and a) 
and the clere-story, The namo has bees supposed to be derived from dres 
fores — three doors, or openings —that being a frequent number of arch 
each bay. 

‘Triglyph. The vertically channeled tablets of the Doric frfexe are ¢ 
tiglyphs, because of the three angular channels fn them — two perfect ant 
divided — the two chamfered angles or hemiglyphs being reckoned ms one. 
square sunk spaces between the triglypis on a friere are called metopex. 

‘Trim. Of « door, sometimes used to denote the locks, knubs, and hing) 

Trimmer. The beam or oon it te ee ee 

‘Trimmer Areb. An arch built in front of a fireplace, in 
floor, between two trimmers ‘The bottom of tos ae eather foento mated 
and the top pressing against the header. 

Tuck-pointing. Marking the joints of brickwork with a marrow pa 
Hlge of fine putty. 

Tudor Style. ‘The architecture which prevailed in Enghind during the 
of the Tudors; its period is generally restricted to the end of the reign of F 
vat. 

Turret. A small tower, especially at the angles of larger buildings, same) 
overhanging and built on corbels, and sometines rising from the groand. 

Tuscan Order. The plainest of the five orders of Clase architecture! 

Tympanum. The triangular recesed space enclosed by the comice } 
bounds a periment, The Greeks often placed sculptures aD 
connected with the purposes of the edifice fn the tympalsa of temples, 
Parthenon and gina. 

Under-croft. A vaulted chamber under ground, 

Upset. To thicken, and shorten as by hammering a heated bar of fread 


end. 


Vagina. The upper part of the shalt of a terminus, from which the by 


figure soems to rise. 
Valley. The internal angle formed by two inclined sides of a rook, 
Valley Rafters. ‘Those which are disposed in the internal amgle of an) 








form the valleys. 
Vane. Tho weatheroock on a steeple, In carly times it soems to have 
of various forms, as dragons, ete.; but in the Tudor peried the faverite d 





was a beast or bird sitting on a slender pedestal, aud a a 
which a thin plate of metal is hung like # flag, onamented in 

Vault. An arched ceiling or roof. A vault t% indeed, a iyo al 
serios of arches. The arch of a bridge ts, strictly speaking, a vaull 
vaults are mid to be groined, Sce Groined Vandling for jibe deat 
vaults. 

Werge. ‘The edge ol the Wing, Sate or Sime grein over Ube gall 
roof, that on the otinantal yatta wing, Sian tem 





a —! 


Vestibule. An anti-hall, lobby, or porch, 

Vestry. witipebpharhse SA doe) de 
Paeeptttherelaise: ore Lepr and panics setts ba 
4s American Protestant churches, the Sunday-school 
room is often called the vestry. 

Viaduct. A structure of considerable magnitude, and 
‘usually of masonry, for carrying a railway across a 
valley. 





Vignette. A running ornament, representing, as Its name 
ving, with branches, leaves, and grapes. It is common in the cand 
and runs or roves in a large hollow or casement. It is also called Trayle. 

‘Villa. A country house for the retreat of the rich. 

Volute. The convolved of spiral ornament which forms the characteristic of 
the Tonic capital. Volute, scroll, hetix, and cauliculus are used indifferently for 
the angular horns of the Corinthian capital, 

Voussoir. One of the wedge-like stones which form an arch; the middle one 
fs called the key-stone. 

Wainscot. The wooden lining of walls, generally in panels. 

‘Wail Plates. Pieces of timber which are placed on top of brick or stone walls 
$0 as to form the support to the roof of a building. 

Warped. Twisted out of shape by seasoning. _ 

‘Water Table. A slight projection of the lower masonry of brickwork on the 
outside of a wall a few feet above the ground as a protection against rain, 

‘Weather Boarding. Boards lapped over cach other to prevent rain, etc, 
from passing through, 

‘Weathering, A slight fall on the top of cornices, window-aills, etc., to throw 
off the rain. 

Wicket. A small door opening in a larger. They are conimon in medixval 
doors, and were intended to admit single persons, and guard against sudden 
s 

‘Wind. A tum, bend. A wall is out of wied when it is ® perfectly flat 
surlace. 


Wing. A side building loss than the main building. 
Withes. The partition between two chimney flues in the same stack, 
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ARCHITECTURAL TERMS AS DEFINED IN vaktovs 
BUILDING LAWS 


Commrtn ey Tue AwenckN Axcritect Axo Buitpme 
News, Pace 190, Vol. XXXUE 


(Republished by permission of Tickbor & Co.) 


Terms Defined 


[ibe Salcwing terns chance te be Sipetl a ees which « 
mentioned im each case. The fact thul other coves Gre wot sentioned is wel uct 
natily 2 proaf bat the term ts wot alse etiewbere in use ux defined.) 


Adjoining Owner, The owner of the premises adjoining those un wih 
work is daing or to be done, [District «f Columbia, 


Alteration. Any change or addition except Se repairs in, to, or ye 
any building affecting an external, party, or partition wull, chineney, toer, | 
stairway, and "to alter’ means to make such change or addition. [Berton = 


Denver.) 
dows, cornices, moldings, Lainie 





Appendages. Dormer. 
spires, ventilators, etc. [Chicago and Minneapolis.) 

Areas. Sub-suelace excavations adjacent to the building-line for lahnsg 
ventilation of cellars or basements. (District of Columbia.) 

Attic Story. A story situated either in whole or in part in the pel. [Dew 
ind District of Columbsa. 

Base. “The Nise of a brick wall" means the course immediately. above 
foundation wall. (Cinelnnast and Clevetamal 

Basement Story. One whose floor is 12” or more below the sidewalk, a2 
whose height does not exceed 12° In the clear; all such stories that exceed 4 
high shall be considered as first stories. (Chicago and 

A story whose floor is 

A story whose floor is 3’ ar more below the sidewall, and wliose Moced 
not exceed r1° in the clear; all such stories that exceed ey” Beh shall bec 
sidered as first stories. [Minmeapolir) 

A story suitable for habitation, partially below the level of the adjoining ae 
or ground.* (Disirict of Columbia and Deweer. 


(See Cellar.) 
Bay-wiadow. A first-floor projection for a window other then « tower-pe 
jection or show-window. [District af Colwmbia] 
Any projection for a window other than a show-window, [Drrmnen) 
Bearing Walls. Those on which beams, trusses, or girders rest. [New 1 
and San Francisco, 
Brick Building. A building the walls of which are bullt of beiek, stome, te 
‘or other wabstantiel wo inccmibantitile materials [Aasiem, Denwer, aml Kem 
City, 
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ding. Any construction within the scope and purview of these regula, 
(District of Columbia} 

ding Line. ‘The line of demarcation between public and private space. 

of Columbia.| 

ding Owner. ‘The owner of premises on which work ts doing or to be 
[District of Columbia.) 

ness buildings shall embrace all buildings used princlpally for betsiness 

e% thus including, among others, hotels, theaters, and office-buildings. 

9, Lowiseille, Milwaukee, and Minnea otis.) 

ar. Basement or lower story of any building, of which one-half or more 

height from the floor to the ceiling is below the level of the street* ad- 
st [oston, Denver, and Kansas City.) 

ion of building below first floor of joists, if partially or entirely below the 

| the adjoining parking, street, or ground, and not suitable for habitation, 
4 of Columbia. 

(ent-mortar. A proper proportion of coment and sand without the ad- 

eof lime. (Kansas City.) 

sion Wall. Ono that separates part of any building from another part 

same building. [Cincinnati and Cheretand.| 

bearing walls extending through buildings from front to rear, and sepa 
stores and tenements in buildings or blocks owned by the same party. 

apolis. 

Partition-wall.) 


iiling-house Class. All buildings except public buildings and buildings 
warehouse class. [Cincinnati amd Cleveland] 

tot apply to buildings accommodating more that three familes {Saw 
#0.) 

tna Wall. Every outer wall or vertical enclosure of  thuilding other 
party-wall. (Boston, Cincimmatl, Cleveland, Dewter, Distelit af Columbia, 








# Clty, ond Prosidence.| 
t Story. ‘The story the floor of which is at or first above the level of the 
Jk of adjoining ground, the other stories to be numbered In regular suc 


(countira: upward, (Denver and District of Colwmdia.| 


fing Course. A projecting course of courses under base of foundation 
[Cincinnati ond Cleectand) 


Adation. That portion of wall below level of street curb,t amd, where the 
‘hot On a street, that portion of wall below the level of the highest ground 
‘the wall. [Boston, Kamas City, New, York, and Providence,| 

Jon of exterior wall below surface of adjoining earth or pavement, and 
1 of partition or party wall below level of basement or cellar Boor, (Dir 
‘Columbia and Denver.] 

ndation, Basement, or Cellar Walls. ‘That part of walls of building that 
W the floor or joists, which are on or mext above the grade line. (Detroit) 
fon of the wall below the level of street curb, In froat of the central fine of 
(g. (Som Francisco.) 


ound. [Providence| 

id. not suitable for babltation. (Pewee) 

Aad serve as supports for piers, columms, girders, beams, or other walla” 
wh) 
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Incombustible Scantling Partition. One plastered on both sides upon | 
Lath or wire cloth, and filled in with brickwork 5” high from Sour, provided 
building is not over 80’ high. [Civcago.] 

Incombustible Roofing. Covered with not loss than three (5) thick 
roofing-felt, and good coat of tar and gravel, or with tin, corrugatesd-trom, o¢ 6 
fire-resisting material with standing-seam oF lap-joint. (Dewser.| 

Lengths. Walls are deemed to be divided Into distinct Lemstis hy te! 
walla, and the length of every wall is measured froms tho cemter of ane return 
to the center of another, provided that such return walls are external or p 
crosswalls of the thickness herein required, and bonded into tlre walls so dee 
to be divided. [Cincinnati and Clenetand,) t 

Inflammable Material. Dry goods, clothing, millinery, amd the lib 
stores, flyings or goods in factories, or other substance readily ignited hy d 
pings or Byings {rom electric lights. {Afinweapelia,] 

Lodging-house. A building in which persons are temporarily accommod 
with slecping * apartments, and includes hotelx, [Boston and Kansas City.) 

Any building or portion thereof in which persons are lodged for hire for 
than a week atone time. [District of Columbia and 

Any building or portion thereof in which persons are lodged for hire ter 
rarily, and includes hotels, 4 

Mansard Roof. (ne formed with an upper and under set of rafter, 
upper set more inclined to the horizon than the lower sot. (Dewoer end Dit 
of Columbia 

Oriel Window. A projection for « window above the first Boor, (Di 
of Columbia.) 

Partition. An interior division constructed of iron, glass,’ wood, lath 
plaster, or other destructible natures. [District of Columba.) 

Partition-wall. Any intelor wall of masoory in  ulliiing, [8 
Kansas City, and Providence) 

An interior wall of non-combustible material. (District of Columbia) 

Any interior division constructed of iron, glass, weed, lath and plaste: 
any combination of those materials, [Demser.] 

(See Division Wall.) 

Party-wall. Every wall used, or built, in order to be used a8 a separatio 
two or more buildings} [Boston, Cincimesti, Cleveland, Demner, Kansas ( 


and Providence.| 

‘A wall built upow dividing line between edjoining premises for thelr com| 
lise, [District of Columbia.) 

Parking. ‘The space between the sidewalk and the bullding Kine. (Di) 
6f Columbia,} 

Parking Line, The line separating parking and sidewalk. [Dine 


Columbia 











Public Building. Every building used as church, ‘or ether pla 
public worship; ulso every building used asa college, public hall, boxy! 
theater, public concert-room, public ball-room, public Jecture-roam, ar for 


public sssemblage. [Basfon, Chicago,  Cinetimall | 
City, and Minneapolis. inuasi,, Cleecland, Denver 


© Staying apartment. Wanaas Cash 
1 "er has uae Vn wy sermon wang. NEN nal Sa 


Architectural Terms as Defined in Various Building Laws 1771 


buildings as shall be owned and occupied for public purposes for this 
he United States, the corporation of the City of Brooklyn, or other public 
within said city. [Brooklym.) 
i¢ Hall. Every theater, opera-bouse, hall, church, school, or other build 
taded to be used for public assemblage. [Milwaukee and Lowireille) 

fo Wall. No wall subdividing any building shall be deemed! a return 
§ before mentioned, unless it is two-thirds the height of the external or 
‘alls. [Cineimnati and Cleveland.) 

|, A skeleton structure for storage or shelter, (District of Colwmbiai) 
structure, enclosed only on one side and end, and erected om the ground. 
‘ancisco,) 

or closed board structure. [Dewser.| 
tewindow. A store-window in which goods are displayed for sale or 
sement. District of Columbia. and Deer 

re thereof. ‘The square or level of the walls belore commencing the 
we root, (District of Columbia.) 

dard Depth for Foundations, For brick and stone buildings, 14" 
turb line. [San Francisco.) 

dard Depth of Cellars. 16’, measured down from sidewalk grade st 
y Moc. [Memphis.) 

dard Iron Door. Made of No. 12 plate-iron, frame or continuous 
« 44” anglo-iron, firmly riveted. Two panel doors, to have proper cross 
ye pancl on either side, fastened together with hooks or proper bolts top 
ttom, and with not less than two lever-bars All doors hung on iron 
of #4” x4” iron, securely bolted together through wall, swung on three 
fitting close to frame all around; sill between doors, iron, brick, oF stone, 
not less than two (2) inches above floor on each side of opening. Lintel 
vor, brick, iron, or stone. Floors of basement, when doves are to swing, 
Foement, in no case wood. [Demser,) 
Gard Skylight. Constructed of wrought-iron frames, with Bammered 
Hight glass not lex than 34" thick; not larger than 20 by t2', except byt 
permission of the Inspector, (Denver) 
house. (See Warehouse Class.) 
€t. All streets, avenues, and public alleys. [Mimneapalin] 
tment-house. A building which, or any portion af which, ts to be eceu- 
tis occupied, as a dwelling by more than three* families living independ 
Mf one another, and doing their cooking upon the premises. [Bellas 
(and Kamwas City.| 
¥ more than two familiest above the second Goor, so living and cooking, 
and Kansas City.) 

ing whi ins in front o@ each Boor, oF 
shall be y between distinct parts of the 
uilding, or which building shall be intended for the separate accommodae 
different families or occupants. [Charlestew.| 
ster. Public hall containing movable scenery or fixed scenery which te 
ide of metal, plaster, or other Incombustible material. (Chicago, Lealte 
td Milwaukee] 


instead of three. [Dvsirket of Columbia aved A inmwnpetts } 
tan one flour, but having 4 common eight ia tive balls, stairways, yates, ett. UPreek 
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‘Arch, tends, for I besem, 619, B70 
rool trusses, 1420 
segmental arches, 907 
frome, 1028 
waloaded, 34 
‘Vertical presmuare on, Jos 
oussoirs, mumber, 313 
Arched trusses, 1108 
Architects, canons of ethics, 1630 
charges, 1648 
competitions. 365% 
drawings aod specifications, 1557 
(profesional practice, 1647 
schedule of changes, 1658 
standan! documents, 1667 
‘Axchitectutal acoustics, 1400-2414 
Architectural engineering, termmn Ghex) 44, 
Architectural societies, 1688 
Architecture, books 00, 1703 
periodicals on, #716 
achools of, 1688 
Areas, circles, tables, 42 
crow-sections, 334 sa 
slomentary, of cros-sections, 332 
hollow-round sections. 143, 349 
hollow-square sections, 350, $1 
net sectional, of teasion-members, 986 
Arithmetic, practical. 3-5 
Armories, cost, 1583 
Artificial cements, 256 
Asbestic plaster, 808 
Asbestos, building-lumber, 19, 
corrugated sheathing, 819 
metal, 619 
products, 819 
rooting shingles, 819 
sheathing, 148t 
specitic gravity, 545 
weight, tars 
Ash, election in beams, 664 
sircific gravity, 1448 
ultimate unit stresses, 631 
weight, G51, Laas 
Ashes, angle of repose, ast 
specific gravity, 4415 








Ashlar masonry, 445, 269, 441, 1452, 1455. 
‘Asphalt, floor, 
Taste, 153 
pavements, £523 
rock, 1598 
rooting, 1532 
specific peavity, tats 
weight, 1435 
Asphuatum, 1302 
weet avity, ats 
weight, 1435 
Assumes Woads (nee Lanes 
slums, Cok, 1533 
MTom beret; waht 
Ataitoriums, Wags 5 























‘Automobile lactory, design ant 


Avoirdupois 
Axial feoe, drecuions 328 
‘Anis, neutral, 352, 339 


Baltimore Gre, reinforced concn 


Batb-houses, cout, 35 
Bath-tebs, dimenalons 2560 
symbols for, 1340 
Batter, cellar salle, 239 
pial 6 
con ba Bae Gieder 
oo wall, 64 
tomepun tenia 
ending moment, 314-3514 S! 
63s. 615, 85-939, 980 


tp, Gs. on 
Hethlebem, 357. 35%, 942, $9 
buckling, 183, 565, 367, 56 


686, pos 
cantilever (s60 Cantifewer,Iy 
Carne 352356 $1438, 
cast-iron fintels, constants fo 
deectinn of, 66 
laws in, 623 
Senate orl, it, 
moment of inertia, 62 
rate Jonas, 6g 
strength, 620 
centers of gravity of crow) 








ie 


Team, wooden, detection, formuits, 44, 665 
Douglas Gt, disteibuted boas, 64 
dren, 7 
‘emb-bearing, 634 
Giber-atresses, 557. 627, 695: €at-Bst 
flexural strength, 699 


fliteh-plate, 655 

Erwming, 749-757 

Araming to test beams, 789, 79° 
hemlock, lows, 68 

eyed, 659-635 

Yoaids, make, 658-646, O67 
mill-construction, 763 

nominal dimensions, 696, 736 
Norway pine, loads, 641 





Saami end weal 06, 667.736 
‘spans, masimam, 737-746, 
spruce, loads, Gyy 
strompest cut from log, 644 
strut, 5 
tension, 635 
the, 490°419, 654 49S, 638 
trusmed, 656, 
white oa, louds, $43 
white pine, loads, 699 
yellow pine, defection, Hig 
Toads, Gan. 66 
wroughiima, deflection, 644 Beller-planes, 
Beam-boxes, 616, 745, 762, 790, 790799 | Boller-tubens 1375 
Bolsters, 











Beam-hangers (see Mangers) mill const rection, 
Bearn-ginters (see Z beans) okt, Does, anchoring, 295 
‘Bearing-brackets, cast-icon columns, 445 tearing strength, 929-439) 6% 
Bearing-plates, 440-445, Ta38 bending. 1133 


Hearing values (soe Mai 
Nesisteads, dimensions, 
Wells, 1645 
Belt, belts, for sbafting. réyt, 1642 Giber-strens, £438 
mill-construction, 964° 165 foot of rafter, 437 
Bending moments, beats, 3=93St, A556 Sa 
S85, $56, O55. Ora, O85. 99% 939) 








bolts in wooden construction, 429 pean ae 

box girders. 635. 695, 698, 699 screw-ends. wpget, 87 
channels, table, $96 shearing valie. 4np-uyd, Ong 
continuous girders, 673 steel, table, 438 


diagrams for beams and girders, 328, 564, | strap-Joints in trmases, 496 
G78, 630, 695, 698 wedge, Gry 





footings. 174, 173, 278 tension. 43, ray 
T beams, table of maximum, 574 truss-jotnts (see Roof-tresses) 
pins, 423. 405 weight, van ae 


plate girders, 685, 639, 690 
shits. concrete, 940, 988-991, 904 
T beuns, concrete, 992 
wind-bracing, 1 18a 

Berger's studing. 885 
metal hursber, 857, Si, 846 

Bessemer shee, ye 

‘Bethlehem, beams (vee Waza) 


Bethiehen <clumns ge Cohusras 

















Borings, for foondations, 145 
Brston, Chamber of Commerce Building, 
198 
column-formula, 460 
fommppreasion in steel members, 495 
ylindrical-column formula, 46 
formula for stee! columns, 441 
loads on foundation-beds, 142 
Jeads on masonty, 267 
office-buildings, assumed loads, rst 
thickness of walls, 290 258 
Rentwrick lath, B02, 889 
Boulders, 154, 136, 248 
sale louds on, for foundations, 143 
Bermting-alleys, dimensions, 1963 
Bomatsing truss, 1035 
Hiremen, 1094. £005 
Boa anchors, beam supports. 616, 755, 762, 
790) 392. 798 
Bax columns, 542, 145. 467. 479 
moment of inertia. 543 
plate-and-angle, 439 
Box girders, 541. 342, (8r-7r6, 
Rending moment, 685, 65. G98. 69 
‘Mil of quantities, 67 
buckling, 636. pos 
construction, details of, 682 
cover plates. 696 
elements, tables, 106-726 
fend-reactions, maximum, 70}. 700-716 
examples, (4-703 
ange-arca, 683. 696, 699 
fzaming and connections 6rs 
moment of inertia, section, 441, 342 
rivet-boles, less of area, 702 
shear, 685, 690, 691, 696. O98 
steel-beam, 607-61 
stiffeners, 681, 656, 691, 696 
websplate, buckling value, 203 
shearing value, 705 

















weight. 701 
Bowhangers, 952, 743, 190. 79: 
beam-traming. 292 


Brackets, cast-iron columns, 445 
termventta, 23 
Brads, e445 
Bieanding steel, 5&4 
Wrasse, castings, £435 

expansion, 1216 

melting-point, 1205 

specific gravily, 1416 

weight, cubic loot, 1426 

sheets, 1424. 8425 

Woeast-walls, #5 2-26 
Wrevchaud method, underpinnltye, 226 
Breweries, cont, 1553 
Brick. bricks. angle of friction, #59 
arches, laying, 306 

burning, 1454 

lay, 275, 8454 
evetiicdeat of Uriction, 243 








crushing-beight, 209 
crushing strength, 4705 27% 
doy-prewoh 1454 
enameled, 1457 
expansion, 1370 
fiber-stresies, $57 
fire, 1454 
fire-resistance, Kt 
footings. 296, 227 
lated, 1457 
limemortar, 1455 
machine-made, 1454 
manulacture, £456 
melded. 1454 
paring, 1454 
Biers 367-36, 271-276 278 
headstones. 269 
crushing strength, 271-276 
sate lands. 267, 168 
piling, space eequited, 1460 
‘quantities, 1458 
retaining-walds, 259 
sand:lime, 1455 
slee. L454 
solt-roud, 454 
specitic gravity, 1416 
streegth, ultlinite, 370 
weight 1416 
Urickwork (we, also, Masoiery, Wills, ete) 
arches, 906 
bond, effect on strengtt 68 
‘coment mortar required, #39] 
compared with concrete, $68 
Cont, 1458s 140 
tnill-baddings, $9 
combing strength, 270-276 
data, 1454 
efflceescroce, tat 
cotimating quamites and cost, 1498 
expaasing, 1210 
fire-resitanee, $14 
floor arches, Hak 
footings, 19%, 97 
linnets stepping, 623 
Nowa, safe, 263-268, 448 
roviature, L461 
nectar, x38, 818 
rmetarcelces fee, 1461 
piers, 267-20, 279-976) 2 
wpaciibe gravity, 1416 
strength, male, 169-268, 448 
teasisoal strength, 236 
wall wyeaserernents, £459 
walls, sabe tons, 265, 448 
warehouse, 773 
weight 1436 
Uradesne. Boor folsts, 748, 749 
Uoitlsh theresa! wait, 1497, €29r, 1604 
Brose, dooe-frarver, 900 
expansion, 1310 
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Tironse, metting-peiat, £209 
wpecilic gravity, £406 
sneight, 1436 
Winder-Crasnes, 909 
eownstone, crushing strength, 27% et 
Buckling, plate winders, 696, 703 
steel beans, 185-185» 305 S029 STH 
$74, S75, 642, 697 
web, box girders, pos 
plate gindory, 705 
wooden beams, 627 
Buflalo building Code, Jods on foundation, 
uF 
masonry loads, 27 
coffice-buildines, assumed loads, 1st 
Building, buildings, cost of slow-burning, 
tor 
cast per cubic foot, 1579-8554 
per wyuare foot, 1647, 1584 
reinferoes-conerete, 1358 
cube, 151 
depreciation, 1954 
factory, 968 
fire qnoot, cost, 1540 
movernment, cost, 
ion and steel, 1599 
non-fire-proof, Kray Bus 
protection frum outside hasan, 906, 
shrinkage in, 1542 
Building laws, bearing ot masonry, 44% 
Dearing walls, 2. 
brickwork, 267 
colump-protection, 822 
‘concrete columns, length of, as 
eoncrete fireprotection, 959 
floor-slabs, 940 
electric work, 1394 
dlevator- installation, rss 
Gre-proof construction, Bit, Boy 
Gre-prool paint, 82a 
fire-proot wood, 822 
floor fire-tests, 827 
flooring, fire-proot, 803 
oor-loails, 789, 13> 
footings, assumed loads on. ¢5t 
foriulas, steel columns, 44s 
foundation-beds, loads On, 42 
hooped columus. 946 
leads 00 brickwork, 269 
‘on Goes: 71 7 
con foundation beds, 43 
fon masonry 
non-fire-prool building, ares a3 
hcighin. Sz, 813 


















reinforced -conceete columns, 48 
sale loads, floors, 729 
tan in concrete, guy 


unin. siresses lot 
walls, vives 


rind borat, LATA 
working, nit sree 








woods, 











truss, 1035, (44s tag, KOREN 
(Canvas pools, tor 


Cap, caps, castrioon cours, 
Tillconsinution. 62. 
ateel-pipe colemm, 470 
tome, 145% 
wooden colurnte, 454 


Capplates, 795 
Casbou i see, 384 
Carmeghe beams, eto. (see Beams, ete 
Carpenters! works datas tara 
eat, 1478 





plates, seeight, 1458 


shoaring-streses, 
apocilie gravity, 
specifications, 339 
strongth, 136, $99 4B 
ersten fe 
ERY 
SSAA | 








Index 


Cart iron, weight of castings, 145s 

Gating, shrinkage, c4s5 
specifications, for cast-iroo, 5 
weights, Ta3s 

Cofar, beams, safe loads, 640 
‘columns, safe loads, 452 
crushing strength, 449, 454 
deection, 664 
fiber-strom, flexure, $57 
vale stromes, 647 
specitic gravity, 1416 
ultimate strewes, 659 
wright. 650, 1416 

Citing, Corrupated-meead, 1518 





9 





matched, 147 
wenpended, 475, #76 “ 
Ceiling-joists, wooden, traming to rool 
Kewses, toa 
maximum spans, 736, 742 





Cellar-drainer, ux35 
Cellar walls, 129, 224, 229 
Cement, articial, 256 
chemical composition, 297, 983 
constancy of volume, 27, 
correion of steel, 460 
ont of, 298, 248, 915 
‘expansion, 1910 
fineness, 257, 982 
wmappier, 256 
La Farge, 236, ay 
manufacture, 236 
mixing, 238 
imeetars, freezing, 239 
natura, 935. 284 
Beat, 257, 912 
painting of, 1487 
Peetland (see Portland cement) 
proportion to sand, 247 
Pusolan; 235, 237 
‘quantities in concrete, 2471 24th 249 
reinforced-concrete, giz 
settiog, 257, 912 
slag, 256, 337 
mpecibic gravity, 237, 
sadales, 258 
strength, 237, 240, 283, 942 
eats, 297. 249, 912 
water required, 238 
waterprocting additions, 16)1, +657 
wright, 72). 1416 
Cenwmat hilicks, 9 
Carment-gun, column-peotection, £16 
Cement mortars, freezing, ellect of, 239 
et 
mixing, #38 
cquattity, 259 
salt, effect of, 29 
wed, 289 
apecifie gravity, 1420 
evinbt, 1420 
Center, sitting foe atch, 308 





195 1406 
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‘Cooter of mesvity, 127. 290 
circle segment, 293. 
compound figures, 2944 #95 
found by moments, a4 
Irregular figures, 293, 295 
lines, 292 
perimeter of triangle, 29a 
quadrant of circle, 233 
‘quusdrilaterals, 293 
regular figures. 292 
sector of circle, 9935 
surlace, 292 
table of, 293 
triangles, 292 
voussolr of arches, $23 
wall and buttress, goo 

Center of pressure, archer, $13 








Chuin-cablen 409 
Chain-holits, 1645 
Chain-hooks, 1645 
Chain, dimensions, £558, 2575 
Chall. 152 
specific gravity, £426 
weight, 1446 
Chamber of Commerce Muilding, Boston, 
piling-plam, 192 
‘Channel, beams, safe loads, shesta 
benling moments. table. 576 
assitication for coat. £529 
coluinns, 467, 476-480, 486-489 
safe loads, 498, 47% 90 SkIES4 
defection, coetclenta, siha-aha 
dimensions of stanatart, 353 
double sections, $594 373, #6» 990 
end-beating, 376 
moment of inertiay 237, 334 
Dropserties of 99 573-49 $00 
fadivs of gyration, 337, 393 
sections, 359 
vet Makwise, 437. 898) $72 
stuall grooved. 960 
web-tesistance, table, $76 
Cheese, weight of, 725, 
Chart, 130 
Chestirat, hear, coefcients for, 608 
beams dintributed earls, 64s 
columns, sale beads, 452 
crashing streegth, acrous the grain, 454 
creahing- toads, wath the tal, 449 
defection in beans, 4 
fiteratees, safe, Gexure, $57 
specific gravity, 14x6 
tennion. 976 
uo stresses, 67, Got, se 
wright, 654, 1486 
Cheval-ghamen, dimemicas of, 1553 
Chica, bearing presaasre en mauoety, 448 
code for steekpipe columns, 474 


























stability, 1287 
tect, self-sustaining, 1293 
tall, list of, 1288 
theory of, #285 
thickness of walls, 1383 

‘Chlorite, 138 

‘Chords, of ares, table, Br 
of truss, definitions, 998 

Churches, cont, 4592) #553 
Aoortouils. 719. 790 

a sm 


cn 
Cinder, cinders, angle of repose, 29t 
concrete, 24% 9a, 934 
weight of looxe, 236 
Clader concrete, aggregates, 443) 91 
corrosive action, $18, 964 
reinforced work, 242 | 
wight, 250 
Circles and parts, 9 at 
areas, tables, stmsy 
chords, tables, 8-8) 
cireulir arcs, mensuration, s¢-s9 
circumferences. $14 
geometrical problem, 6674 
‘mometit of inertia, 997 
radidw of gyration, 57 
section-modalus. $37 
Circult-breakers, 1973 
‘Circular measure, 9 
‘Circular mil, 18s. 1387 
cular fing. 
‘isterer, capacity hy TUS 
Clapbonrls, 1477, 
Chane cal orders, Verona, 
Chay, angle of evant: 29 
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‘Concrete, cellar walls, 92% 
inden, 242, 29, 914 984 
‘corrosion of steel, B18, 961 
fiesrositance, 448 
weight. 390 
‘colump-protection, 281, 782, Bag-ta6 
colamns (see Columns) 
‘compresaion-teets, #8) 
compressive strength, 265, 267, 282, 2s. 
295,441, 913 
‘conaistency. 243. 296 
corrosion of steel, 818, yf, g6r 
ond, 179. 249, 9ES 
aims, cont, 299 
defines, 241 
dehyximation of, 245 
design of massive, 246 
seloctrical action, 1635. 
‘expansion, 1210 
Gber-streses, $$7 
fininb of murtaces, 246, 968 
fireproofing. 780-782. 816-818, Bas-B26, 
855, 880, 956-960 
floors, 844-863. 951-956, 968, 972976, 
993-997 
flowr-milstures, 1633 
footings, 179, 223, 225, 978-983, 
cont, #99 
forms, 245, 962, 963. 968. 96% 
freezing temperature, 244 
gravel, 986. 914 
comparison of strength, 986 
‘beat, conductivity, a4s 
eGiect of, 24. 817. 953 
T-beam protectiam 7H, 781 847. M51, 
553, B96, 860, 865, 905 
I beams, 860 
laitance, 244 
oats, 266, at 
muse, strength, 346, 247, 265 
materials, proportions, 24 247, 91% 
ts. O48 TO32 
mechanical analysis, 915 
mixers, 963 
mixing, 247, 965 
mixtures, 975, 916, 948, 965 
‘modulus of elasticity, 918, 988, 988, 959, 
948, 987 
modulus of rupture, 284 
molds for. 245. 962, 965. 965. 966 
naturalcement, 285, 267, 384 
painting, 1487 
partitions, 88 
penotrative washes, 1652 
permeability, causes, 1630 
pllecapping, x92 
‘piles (ee Piles) 
piper ANN, 
‘placing, 248 














{nntum, 38, 61, 65. 











Thal), 536 357 
Ficlibrivets (ase Rivets) 
Fillers, web-stitleness, 694 
Filters, 2335 
Vink trum, co2s-to28, 1ey0, 10s8-2061, 
vory-toSt, teak, 1n6e-zt64 
tables of coefficients, 1038 
Douglas 


Fire-doors, Bot 
metal-corered, 899-405, 926, 907 
stairways. 779 
Fire-enggines, dimensions, 1562 
Fire-orcapien, warehoures, 764, 965, 798979 
Fire-ertinguiahers, 
Fire-protection, wlarmaystem, electric, 
98, 909. 
doors (nee Firedoors) 
Gre-extinguishers, 709 
Gire-retandants, 359 
howe, 76 
hove-reela, gto 
outside bazard, got-go8 
pumps for fre-strestis, 1315 
roof-nazsles, 301 





1 764s 2650 778 779, 
atundpipes, 768, 861, 920 
steam-pumps, 3315 
steel, 468, 760, 780, 820, Baa 
tanks, 1316 
water-pipe location, $37 

fos 








Fire-pumps, steam, 115 
Firetesistance of materials (see Fire- 
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ick footings. 226 
inne, 728, 747. 749 
tish thermal unit, 1197, f24r, 


‘ 
‘heated Iron, +903 
fireproofing, effect on, 245 
liating-witface, 1290, r24x 
‘war equivalent, 1232 
4s baildings, 1238 
seters, 1297 
(198-1203 
197-1285 
23%, 1246 
thes, 1273 
‘pipes, hot-air, 2269 
fey 1369 
ipes, 1242 
Cxpstem, 1299 
ned per hour, 1330 
(alues, 1299-F200 
a6 

supply, 4954. 1955, 1357. 
7 
tof pipes, 2248 
\direct radiation, 
diation, rit, 1 
snetank, 1245 
fom, 128% 

1235 
dlast system, 1282 
‘beating (see Furnace beating) 
ver, 1238 
fpyatems, 1207-1045 

#290, 1259, 1264, 1281 
$1257, 1258, 1266, 1269, 1270 
iRsyatem, 1281, 1 

af, XESE, 24S, 1245. 1290, 425) 
fe 
Mages and disadvantages, 1248 
eatin. 1259 
radiation, arn, 391k, 194%, 
290, 1261, £364, 1270 

of pipes, 2343 

d branches, 1298. raat, 1973 
laystems, x71, 1280 
Mity, aan, ease, 1334 

per, 2283 
us 
Iby 2303 
iystems, #252 

vourkace, boilers, 1222, 1rag, 

se 

fay, 20,7 
ors, nes, 1290, 
Ip 290, 1360, 1 
fuod windows, #233, 1249 
fs (sce Radiators) 
1296-1258 146-1270 
Jes, hot-air, 1296 

ter, 2250 





tf, 1216 
4, 24t, 1262 
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Heating, residences, steam, 1261 
sar-tooth roofs, 776 
specifications (see undee each system) 
steam, advantages and disadvantages, 
taq8 
fan-syntem, 128s 
gravity-system, ratr~ts4s 
high-pressure sywtem, rast 
Jow-peessute system, 125t—1a4s 
non-gravity system, £34E, 125%, 1234 
Poul system, £235 
specification, 1263, t65 
systems of piping, ta5t 
‘vacuum system, 1233 
Webster system, 1354 
symbols sed, 1348 
systems of, t211 
‘vacuum system, £233 
valve-determination, 1198 
valves, raxs 
Webster system, 1334 
workihops, 763, 776 
Moating-tanks, 151 
Hemlock. beams, coefficients for, 638 
beams. safe loads, 638 
columns, safe Toads, 453 
compression, 449. 484. 647, G48. 690 
deflection in beams, 664 
flexure-itrenses, sale, £57 
mortulus of elasticity, 647 
shearing-stresses. 412, 647. 648, 699 
specific previty. 1419 
seiffnees, beams. 64 
tension, 376, 647, Ga 650 
weight, 650, L419 
Henip rope, 408 
Hennebique system, 923, 944 
Heptagon, 37 
Herculean fhow-arch, 840 
Herringbone metabtath, $90 
Hickory, unit stresses, 651 
specific gravity’, 1419 
weight, 65t, 1419 
Hides, weight, 735 
Hip-ratters, lengths and bevels, 99 
Hoists, e645 
Tope Fee, 404, 407 
Hollow tile (nee Terracotta) 
Heok-sgdlce, roed-trusses, 
Hooks, for chains, #643 
Hoops, water tanks. rns 
Hoenbieade, 2xt 
specibic eravity, Cary 
wevight, 14t9 
Hone-power, beilers, 142 
electrical, 1574 
machinery, 1690 
pumps, eit 
ralsing water, t33t 
nsenitted ty Belting, rbgs 
by shutting, 1642 























Hot-ait beating, 1290 tasy, taba, 8985 
Hot-bending test, irom, 371 
“Cot-blaat system, beating, taki, sha 


Mlotemnter heating, apt, £245, 1290) 4259) 


wate 
advantages and disadvantages, 2248 
specitiention, 1239 
Hotels, cont. ess 





furniture, weight of, 449 
hur-fire-pront, Reight. $42 
House-tanits, site, £329 
Mowe truss, design of, #142, 1844 
foint-fetails, £454, 435% 21846 ESS 
rooblonds, (057 
types, re00-1088, 





bby graphics, 1075-207; 

Humidity, 1207, 1309 
Hydrants, enilla, 739, 
Hydrated lime, #465 
Mydrwulic cements (see Cements) 
iyvtmulic jacks, shoring, 215, 238 
Hydraulic lime, 285 
Hydraulic limestone, 152 
Hydraulic ram, 1994 
Hydnuulies, 1295-1330 
Hyperbola, 98 

described. to 

problems on. 74 
Hygerboloid, 65 
Hiy-tib, concrete-pvinforcement, 9, 898 


T beams, anchors for, 649 


Lending moments, maximum. S74 57S 


Bethlehem, general description, $92 
Hoody sale. 592. so 
Vouds, sale. tables. $98-603 
properticn. 357, 458 

buckling of we 
table. sha 5 






Carnegie, dimensions, $52,355 
Properties, $64 355 
safe loads. 577-58 





‘connections, anchors, 619 
Hloor-framing, 612-629 
limiting values, 6:8, 
separators, 655 
standard, 616, 6: 
ith Wablehem |{ columns, 
with Walley Duman, 43 
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Bealls, $65, S6r-569 








Mandae, dimensions, 352, 338 
i Be 
Ia 352 
she ridefos Sa 
table, $74, $95, 


eae 
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Tnadatbon Boke SAA ee 


insula 
vith cai Aron cata, io. aNi ahs \ "sa a 
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bes, electric. x92 Lath, metal (see Metal ath) 
(nes, 1697 wire (see Mecal lath) 
ty definiticn, 305 wooden, 1468 
ion, 3 Lavina, 2468 
fedes, 1639 Cost, 147 
falute, 1622 Lattice-bars, columns, 468 
lat (so Cast ifon) sine, 478 
Rcsused by heat, 1205 Lattice-columns, | 
(nized, 150% Lattice-ginters, winds Soe 76) E84, 
fities of. 375 82 
eth of old, 410 Lattice trumes (see Ronf-trusses) 
400 Laundry:tubs, dimensions, «961 
[EhE {See Wrought iron) Lava stone, crushing strength, af 
Pe telangle, 293 Lavataries, dimeretions, 1561 
Laws, building (vee Building laws) 
chs, hydraulic, 296, 29% Geese for arcbitecta, 2685 





{fters, lengths and bevels. 9o Lad oetoebauaraee 








remy, shoring, 215, 216, 223 castings, 1435 

Joo measttes, 14 expansion, 1210 

fh floor-construction. 439-842 melting-point, 130% 

pee under exch subject pipe, rat 

floor (see Floot-jists) sheet. 1382) 1475 

eg (see Ceilinns-fointa) specific peavity. #409 

agers (see Hangers) weight, 1429 1485 

Be Leather, welsh, 723 

+ an Lever, principle of, Hb, 390) 2944 284 


Tibates, cont, 1584 
fe, a 

; pook-stacks, 1616 
Sea License law, anchitoets Hanks, efits 
for finish, 899 Light, brilllancy. 1355 

co tanule-power, (358 

Boument plasters, 1470 dlifusion, 775% 
 fhushomater. 1354 Stensity. £355 
aiercoeal lath apo nature of, esse 
(Ferma thee Beams) refraction, 1363-1320, 1492-1 


icon Gs | Lighting and fMiumination, 1393 

fas arches, 395. 308 accoulting-<flices, 130 
suiitoriame, 1363 

taowt-sizes, Lampe, 1887 

cabinet-wiring, 08 

fanilepuwer, 54 

ceiling-lights, 1360 

ceiling ovttets, 1960 

Giasesooms, 1365 

coloring of ceilings, 1396 

dean of ayetems 0558, 1360 

uso ty hay 975, ty RABE 





196), 41a 





Hine's formula. 08 
(wine's formuls, so) 
(near insulator. 1479 

(tts, defined, tyr4 

fost true (ace Roal-truss) 
bal true (see Rool-truns) 
prainks, dimensions, 1sfe 
races, truses, 1025-1037, 
Hogr, rinl-r118, 1267, 2168 
liesding, 2879, 2288, e15-1290 


























ely, 1597, 159 03 
inl os ) direct, 1358 
elath, ys drafting: gece, 4965 

f electric lighting systems, 1378 

hearin, lighting for, cys pesca 
eae os foed-wires, £98 
‘ge cement, zy stares, care ef, 1357 
fowe, 1449 in direct synteres, 1968 
(trustees, 1196, 1157 in semniindirect syotems, tye 
tae focuing effect. 1362 
(olumns (see Columns: foot-candle, 1353 
teomenete, 267, 474 foumlries, 135 








(00 Ligttiog) gas required, 1955 
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vate, t48-t60, to49, 1052- | Maseary, iaey, ant meter inde as 





oh, rere=tr7s. 

Aric, Bo ‘eliciets ol iin 059 
beratress, Mexure, $57 648 compressive strength, a5, 448 

tity, 1430 cont, £452, 1485 

rsstrensen, Ot crushing strength of stone, #79-se 
fy footings, 178, 2ag~2e5 

i tensional steeagth, 179 

1 floors, t49 routing, 269) 


‘measurement, £452 
mortar for, 299. 239 

















piers, 270 
safe working loads, 269-967, 448 
, strength, 165-282, 44% 
stresses in, 265 
3 thickness of alls, s297a84 
t, rarstaTF walls, 228-254 
weight, £429 
“1423, 1478 Mass-concrete, strength, e4o-a5¢ 
7 Mathematical signs and characters, 3 
Mathematics, pretioal 3 
Measure, measures, #6735 
rity, torte on brick piers, | circular and angular, 30 
conversion tables, 53-35 
design and cost, Boa, cubic, 27,31 
ols, 774 dey, 27,32 
ration of 765 Egyptian long. 34 
amovelectric, £377 ld, 28 
» 8605 Grecian long, 34 
‘tition-blocks, 882, 885 Jewish long. 34 
pansion, 2269 linear, metric, 3 
it, 1203 liquid, a7. 52 
crestresses, Ultimate, 6st metric atiieen, 9o-3a 
ity, 1420 tmiscellaneoas, 26, 38 
1490 nautical 
wr Roman long. 34 
clting-point, 1303 Scripture and ancients 34 
6 surface, 27. 3 
tiles for, B75 time, 30 
toa i beams, 664 value, 29 
restoeamen, 658 volurme, 27. 3€ 
weight, 28 52 
| Coetfickents for, Ga ‘Mechanical eefrigeration, #Gos, r61s 
+383 Mechanics, applied, definithon, 424 
math, a8, 983 Mechanicy of materials, terms wae 126 
110 Melan arch, &46 
|, Mexure, 557 Melting-point, metals, #703 
6 Sis Merauration, 36-65 
nasonry, 266 definition, 38 
ingth 29 solids, 62-45 
ity, 288, 1490 wurlaces, 98-62 
’ Merchandise, welghts, yax 
Mecchant-bar iran, 377 
Meroury, oxpamine, 1260 
1430 melting-point, 1255 
aloo, Brickwork, Stuoework., | Metal, asbestonpeotectad, #9 
we) dake, 1435 
fcien) doors, 88, 991 
turn, abirwrte 44 Gain, $00 
oct of 269 melting-petints, 1203 
= abeet, standard gauges 402 











‘Mill<onstruction, structural details, 782 
towers, 762, 763, 768, 778 779 





i 749 
‘Milwaukee, peat for steel columns, 481 
Mineral wool, 1480, t$23 
ae formula for steel column, 


Joa 0 foundation be, 3 
‘office-buildings, axvumed loads, se 
thickness of walls, a5¢ 

‘Minerals, orm tock, 10 

Mirrocs, 149 

Modulos of enicity, concrete, x&, 92% 





steel, 58x. 9x8, 938 
tables, various materinls, 647, 669 
‘Modulus of rupture, definition, 126 
stone, 233 
woos, 650, Oe 
‘Modulus, section (see Sectioo-modulus) 
ings, 1517 
Molds. concrete, 96 
Moments, pening he ending moments) 
definition, 137 
of inertia (see Moments of inertis) 
of resistance (sco Resisting: moment) 
principle of, 289-291, #94, ot, 322 
Moments of inertia, areas, 534-338 
compound sections, 54) 
definitions, 352 383 
‘Aotation, 122 
rectangles, tables, $46, 347 
structural shapes, 354-859 962-369 
transferring. 498-445 
Montauk fire-deteeting wire, 998 
Mortar, adhesive strength, 240 
agcerepates, 24¢ 
alca lime, 1467 
brick footings, 287 
pliers, 271 
cement, 248 
weight of, 9r5 






strength, 255, 284 
it, 245 
whore wed, 235 
Naural pas, 1345 
Nautical measures, 36 
Newdling, 208, 222 
Nepocset sheathing, 14% 





Neutral axis, beam-sections, 
Gat, ps3 3. 28 
Orleans, bail 
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‘ecleht, 65%» #489 


razon $F 
poitdit ,sssumet eas FE 



















asst 
in ey coneetes ARF 
driers, 48S ‘pone strech 208 
gre-proot. 82% B09 
fre Te anarlasions 1847 a 
inside, 1484 eee 
xian, 759 a 


vnitl-constroe 
‘old work, 1485 
Sotslde, 3483 


sf allt 1488 








Piers, atability, 297-904 
‘tone, 270 
terra-cotta, 276-278 
Zs thrust, a a98 ir 
igments, paints, 
Pile, piles, concrete, reinforced, 196200, 
949 
advantages, 195 
‘built in place, 197 
built-up, driving, 98 
‘composite, 198 
‘crushing strength, 196 
durability, £88, 196 
Tons, sale, x99 
pedestal, 198 
Raymond, 197, 198 
reinforcement, 197. 949 
Simplex. 197 
under piers, 199 
wooden piles, beating power, 195 
‘capping, 199. 198 
Umber grillage, 19%, 199 
‘coat of driving, 195 
‘crushing strength, 196 
driving, 19, 190, 194-196, 999-204 
durability, #83, 196 
Engineering News formula for pile 
foundations, 195 “ 
municipal requirements, £89 


piers, 199 
plan of, for building, rga 
safe loads, 189, 193. 195 
‘sheet, 200-209 
spacing, 19° 
specifications, 195 
under plers, 199 
woods used, 169 
Pile-deivers, x90, 194-196, 202-204 
Fin, pins, in trusves, 425-429 
Tine, expansion, 1210 
Norway (sce Norway pine) 
white (see White pine) 
yellow (see Yellow pine) 
Pipe, pipes, block-tin, 1332 
‘eas, £545 
capacity, £297, 1587 
castriron, 1305. 182%, 134K, 1342 
conduits, 1395 
coverings, 124. £64, 1828 
rain, 1541-1325, 1555s 1854 
expansion, 1540-1548 
flow of water through, r296-E51S, 1354 
Iriction in, 1902 
farnace, 1354-258, 1206-1269 
ws 1346-4550 
beating (wee Heating) 
hotewater supply. 3590 #42. 4543 
ead, 1333-1999. 1XO-AI97 
sate oaleaeak, $7 
OWE: LIVELIER ELE: ESSte BASE 
Ab 15s Nha Na 
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19, 1829 


Pipe, suppity, 
are 
130%, 
inlined, E32 
‘vent, 453%, 394 
waste, 1334 





‘east fron, weleht, 1438 

cover, riveted joints, 42 

steel, YBa, 85. 1825 

srall (se Walb- platen) 
Plate-and-angle Colurninms, S42, S446 467s 

435.427. 49 

safe loads, 44 

tables, st7-352 
Plate girders, $40) 34%, 681-716 

Lill of quantities, ta4 

buckling, 696. 705 

‘construction, details, O82 

elements, 736-716 

end-reactions, maximus, 799, 706-726 

examples, 688-94 

{ruming and connections, 615 

moment of inertia, section, $40 348 

rivetobles, howe froin, To 

rivets, shearing value, 692 
atone. 84-087, 690) 68 
splice-plates, 693 











Radiators, hot-water, 1246, 1247 
‘measurement, 1212 


hollow-round sections, table, 338 
hollow-square sections, table, 350° 

in column-formulas, 480-488, 493-496 
notation, 192 

steel-pipe columns, 473. 497, 498 








structural shapes, 344-589. 362-374 conductivity, 956 
Ralters, hip and jack, length and bevel, 99 
‘maxitoumn span, 149, 74%, 745s 746 Considére formula, 946, 
‘ou foof-trusses. 1005-1006, rotg~4ox6, |  comatruction in general. 921-967 
019, 1046, 1498, 244%, 144 1150, | corroslon-protection. fo 
agar s4, 1109 ‘Cast, B50 OES TSIM 15 
vwelght. wooden, 1050 
Rags, weight, 732 AeGinition, gtx 
‘Rams, hydraulic, 1y04 design of, 927 
Range-boilers, dimensions of, x56 ingonal tension, 925, 948 
Rankine's formula, cast-iron columns, 460, | erection, grt, 962 
46% factors of re 906 
ba of keystone, yo8 i. 95h oe 
‘steel columns, 484, 493, fire-tests, 996, 91 
Ransome bar, 919 Fire Underwriter’ requirements, 9 
‘Raymond concrete frreproofing, 781. 814, 995, 958 
Reaming, rivets 4 Gat-slab 52 
Reciprocals, table, 8 Hoots, 854-853, 927-44 950-956 
Rectangles, $7.39 surface-finish, 965 
axis of moments, 435, Ploretyle system. 954 
hollow, moment of Inertis, 335 footings, 186. 1%, 99% 978 
moment of inertia, 355, 346 forms, 245. 963, $65. 965. 966 
radius of gyration, 333 formulas, 927-995, 94% 94% 946, 992= 
section-modulus, 355 we 
Redwood, bens, loads, Gyo foundations, 185, 19%, 950, 998 
columns, safe loads. 453 four-way aystemt, 952, 930-997 
‘erushing-loads, with the grain, 449 {rietional resistance, 933 
crushing strength, across the grain, 454 | girders (see Bears) 
deflection in beams, 665 gravel, 914 
fiber-stress, safe, Hexure, $87 heat, eect of, $27, 941. 956-959 
shear, 647 Hennebique system, $22, 928 
tersion, safe stress, 376, 647 historical notes, 9x 
nit stresses, 647, 650 hollow-tile and concrete, 955 
weight, 650 T beams, en io . 
Refraction of light, 2367-1570, 2490-1 s 
Refrigeration, mechanical Ges, ate, a= | jolning pew work told, 986 
frigerators), rGog-a6as Kahn system, 994, 953 








adhesion, 973; 984. 948 mixing, 965, 4 
taxreeste, 943. 984 AKUSEW, 935, 9) ban! 
aocheriag. Ded modula of 91%, gat, oxb, 


archen Jat 999, 9465 957. 





tools, 877, Sr4-S76, 963, 916 

sand, 93 i 

‘ecthonad eysterma, 

separately wetem, 95 

shear, 918, 955, Ser-944 

shrinkage-stresses, O98 

Shegwart system, 859 

koleton construction, 9s 

sits, sr, 99% HO. 957, 95%: WTR IS. 

OT. 995-297 

bending moments, 936, $49, 98e-99) 
dingrams for sereaetl, $84, 99 
loads, safe, 98y-987 
strength, 98— 

mains gos. 950. 982, 989 

steel, correaion, 96x 


ikeades used, FF 
in compression, 925. Set 
specifications, 903 
tension-members, 919)-972$ 
working neremen, 917-95 
stirrups, 923-997. 944. 973 
stone, 914. 999 
superintendence, 96% 
Syatem M, 952 
T beams, 936, a¢t. 97 97S. 98B-S9 
temperature-atreser, 4 
disgpomal, 923. 947 
venslon-members, 919-325 
tensional steess, 938 
ents for fire-rewiatance, 996, 
adhesion, 9g 
loads, 967 
thickness of concrete, 959 
tile-and-concrote floors. 55-955 
tile-protection, yo 
tworwny tile system, 9g2-98¢ 
types of coanteuetion, 931-956 968 
unit system of reinforcement, 996 
Vaughan system, 86r 
Waite's conerete X beam, 869 
wall-piers, 978 
walle, 949, 968, 978, 975-978 
water for, 914 
Watson syatem, 860 
weL-conctele THEE, fk 
working etree, 91 9Ub, 9 
‘wrought bro, gt . 
Reiniorcerneta (wet, Das, Wickert 
creel 
spdttvesion. 923; 942194 





Rit 

Kibet opt 89 
reinforcerment for concrete Moors, 849) 

Rib-stod, plaster partitions, 887 

Ribstruss, 859 

Richmond, loads on foundatlon-beds, x45 
coffice-buildings, assumed lowds, 154 





River-depesits, 133 
Rivet, rivets (see, also, Riveti 
American fridge Conmandantt 


bearing value, 4x3 
area used, 4x6 
Boston law, 418 
by 


New York law, 48 
riveted girders, table, 4x8 
68 


stotl-bearn connections, talbley 419 
steel trusses, table, 49 
tables. 418. 470 
‘wrought iron, 4rs 
‘wrought iron, table, 4x 
bending-stress, 422. 423 
bridge-work, 425 
‘butt-joints, comparative efficiency, 42t 
diagrams, 474 
chain, definition, 4at 
clearance, 414 
columns, number of news: dingranes, 967 
cont, daar price Sor 200% 1805 
Pacing bekes 1326 


oral dl 
distance exige of plate, 68a 
drifting 414, 68 
failure of joints. 4x5. 
Geld, 423, 








reaming, 982, ata. 4a, 682 
shanks diagram, 4x6 
shearing value, 413 
‘area used, 416 
by proportion, 693 
scolumn-connections, 409 
determination of, 4ts 
double shear, 416 
Geld-riveta, 618 
live loads. 45 
shoprrivets, 613 
‘stecl-beam connections, table, 4 
‘steel trusses, table, 419 
tables. 418 419 
wrought iron, 425 
SOP. 484 ATS 435 
bearing value, 618 
shearing value. 618 
signs, conventional diagram, 427 
sizes, determination of, 45 
lingam, 416 
for plate-thicknesses, 415 
ahop-practice, 41s 
tuble, 420 
spacing, 414 
cover-plates of plate girders, 685 
42. 42%, 625 
flange-angle, examples, 696, 697. 699~ 
yol 
plate girder, diagram, 635 
plate girder, example, 6, 69a 
standard connections, dingram, 617 
steel columns, 469 
stagering, 4x4 
standard connections. dhagram, Ory 
limiting values, table. Gx8 
number of rivets, variation in, 616 
taper-rivets, 423 
weights, standard connections, 617 
steel Fivets, L482 
working stresses 415. 416, 423 
column-connections, 469 
compared, 692 
for bridges. 425 
in tables, 418. 419 
standard connections, table, 6x8 
Riveting (see, also, Rivets), 413-423 
kitders. 681-716 
dige-work, 423 
column-connections, 469 
ost, C529 
Gefinitlons, gtay am 
design of Joints, ay iy ANS, 
Aoable, QehOirrm AL 








Roof, saw-tooth, 772-777 
trusses (see Rool-trusses) 
Rool-ioads (see Lancls) 
Rool-trusue (see, also, Rools and Reafing) 
anchoring, cxso-r852, #168 
arched trusses, 1035-1037 
strses in, 3118-£130 
wooden, 1020-1034 
arches, trussed, 1057-1943 
atreises in, 1kat-1133 
with sotid ribs, ta33 
hinged, 1038-1042, r12¥~150 
beam, trussed, 1068 
Bow's notation, 1066 
howstring, 1955. 1094. 1995 
cambered, 1015-1019, Tox6, to28, 1035~ 
ress 
strowes in, 1095, 1060, 1061, 1 
1086, 103-1095 
cantilever, 1045-1045, 1105-1107 
car-barn, 1228, 1056 
confficients for determining stresses, 
1038-1085 
construction (see Rool-trusses, design) 
cont, steel, 1536 
counterbricing, 1000-106, 154, 1104 
crane, 1069 
definitions, 998 
design, 1132-1170 
steel, 1144-1149, 1360-1870 
wooden, 454-439. 995-024, taste 
rous-t0s7, 113B—EL44s 1449-1160 
diagrams, lettering, 1066 
fam (see Fan truss) 
Fink (see Fink truss) 
Greproofing for, #66 
fixed arch, ro4j, 13 
fixed ends, wind-stresses, 1109, 1310 
flat rools, r0y2~2954, 1057, 175-1077. 
1olp-s092, 1103-1104, 1143 
forces acting on truss, 1246 
French, 1026 
graphic method of determining stresses, 
1065 
fhammer-beam (sce Hammer-beam truss) 
borioatal chords, 1004 
orizontal deflection, 1085-1088, 1129, 
129 
orivontal thrust, 2085-rol8, s109\ 1199 
Howo (sce Howe truss) 
influence-lines, #134 
Joints, steel 423-429. 1360-4870 
wooden, 412. 418, 429-431. 40039 
r14p-1160 
King-post, 99, 1000 




















King-tod, 998. 999. F048, ro), 109, 
1455, ESS 

knee-braces, roage4027, E4xG-408, 
1167, ex68 


Ing-eceews, 1157. 449. £450 
Isteral beacing, 1033 


Index 
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Rool-trusses, lattice, too7, 101, 1089-tege 
Toads (see Loads) 
notation, Bow's, 1066 
pin-connestions, 423-479 Tey, #052, 
7034. EAT 
Pratt (soe Pratt truss) 
proportioning members, 11%) 
purlins (eee Purlins) 
quadrangular, 1932, 1035. toge—top4 
queen, 994-1005, tow), TOS. 197K 
1979, THEE a116, FEM, 14D 
rafters (see Rafters) 
reactions, 1065 
wind-loada, £10 
unsymmetrical loads, 1996, 1098 
roller-bearing, wind-otresses 1118, 1113 
sag-tie, 1035 
sawtooth rool, 772-777 
scinors (see Scissors trusses) 
shed, 1025 
shop-drawings, 1263 
spacing, ro47, roy. 2058 
splicing in wooden, 1155 
steel, 1025-1043. 1045, 1160°E8TO 
steel, cost, 1526 
sawtooth rool. 772 
steel columns in trusses, £239 
stresses, 1046-1837 
suspended, £032, 18% 
trussed beam, £068 
types, 998-1045 
stresses, wooden trusses, 1139 
‘unymmetrical, 1096-1098, 1109-1107 
loads, 1996, top8 
wall-plates, poo. (190-252, 2195, 1155, 
1161, 1165, 1168 
Warren (seo Warren truss) 
washers, 1157-1160 
weight, 1050, s05t 
white pine, 1138 
wooden, «4-480, 9-084 OK TOYS— 
1057. EBay, KLANG 
unit stresses, 1138 
Roofing (see, alse, Roofs and Rool-trasses, 
asbestos corrugated sheathing, 919 
shingles, 819 
asphalt-eruvel, 875. £512 
asphaltic materials, 1523 
Riarrett. +509 
Bocunaa tile. 875. 874 
bouketile. 895 
canwns, Sor 
coment tiles, 875, B74 
copper, 1049. 1518 
conrugated iron, 124 1049, ESS, ASES 
dampoees, foo 
felt, weight. coud 
fiat tools, S78, tows 
gavel, 375 
Gine-renintance, #528 
beaks, 80 




















145L, L4SESIS, 192 
mill-constructios, po, Reo 
pitched roots, $72, 1096 
teady, ey say 
EOE, 1046, FOR, 
teinforond-cement tiles, 873. S74 
sheathing. wooden, toeh, tats 
aper. 48k 
shingles, 046, 1495 
slag. Bots 1808, 3951, ASt2. 1509 
slate, 87%, 1046, tou), 46-4800 
steel sheets, 1583. 151 
asoestow-covered, 849 
tareand-geavel, 875, 1087 
tile, 899. £609) 190% 4549 
tin, Bor, to48, 1049, 1502-1508 
searehouses, 800 
Rope, cotton, hemp anid Manila, 4o6-o8 
‘wire, qouna6 
Round rods, sale loach, 38 
Rubblework, 235. 441, asa 
Rupture, Modulus of (see Modulus. of 
rupture) 


‘Sackett’s wall-boand, 893 
St. Louis, loads on foundation-teds, 14. 
267 
office- buildings, assumed loads, ast 
thickness of walls, ay 
t. Paul, loads on foundation- beds, 24% 
offiee-buildings, assumed loads, tt 
San Francisco, loads on foundation-beds, 
145 
thickness of walls, 231 
‘San Francisco fire, tests of materials, 958 
Sand, angle of repose, 256 
beds of. r34 
chemical analysis, 198 
classification, x36 
composition, 136 
‘cost, 249 
definition, 54 
foundation-beds on, 143 
in reinforced concrete, 913 
Ottawa, 241 
proportion in cemont mortar, 439. 24s 


in concrete, 241-248, ag-aSt 
in lime mortat, 1467 
quickss 7 Baty ane 
safe loads on, Tar, 745 
screening, t4f7 
slove-tests, 138, 248 
oe Oh, 190, 1467 
247-249 
Sb, 542% 1490, E468 
pans, formation at, 145 
nd finch, plaster Ahh 
Sandstone, 13% 
beams, coefhicents Yor, Gal 





Index 

cnools, 150, ‘Sheathing, mill-constraction, 750 
cee 

of, © 1573 “ 
Cashed fou 77, 898 
‘0 Section- modulus) Sheathing ql is 
besser sien A | an g r 
‘ Sheet piling, 200-20) oe 
(Pes. 354-359 e360) Sheet steel, asbestos-covened, 
cura gravity, 299 corrugated, 1545-8565 


(e, conber of gravity, 298 


einforcement, $39. 894 
er of gmvity. 295 

eel beams, 612-604 
int of, £ay6 

E-ASa5, FageEg96 
ing foundations, 247 


Ase 1887, £595 





ye tgaa 


oe Beart) 
praia t158 
4: O85, Ca, Cn Capit 
fron, S~44T 
|d-pweswune, 1ap6-28y 










28s 

podem beams, 422, 4845 437% 
lo47. 630 

687 


84-687, 690, fot, Tos 
Tete, Dh Ye MAP 


te irders, 708 
TO-1nB 

7, 643, 690, 654, E98 
steel, 382, 414, 688 
coerugatod, 8:9, 





BaUBES, 402, 1540 

rooling, 1513-1528 
‘Shelf-angle, bearo-framing, 783, 78), 790 
‘Shelf-hangers. 752, ie 70 
Singles, asbestos, 8x 

dimensions, o 

nails required, 1495. £496 

lees, 1495 

staining, 





‘Shot-drills, foundation-bed testing, 145 

Shutters, fire, 759, 77%, So, 9%, GOT 

Sideboards. dimensions, 2538 

Sidewalks, flagstonen. £453 
vaultowalls, age ay 

Siding. beveled wooden, 1497 
Corrugated metal, 567 

Slegwart foor-ayntem, 840 

Silica minerals, (yo 

Sitheates, 199 

Sills, stone, £483 

Silt. t3p 

Silver, expaasion, 210 
melting-point, 1293 

‘Simplex concreto-pile method, 197 

Sinos, natural 9s 

Sinks, 1536 

‘Skewback, arch, 308, $07 
floor-archen, fis 

Skylights, glass for, 1404 
‘mills and warehouses, 763 
sa-toot, 19, 272-977 
weight, 1009 

Slabs, reinforced coocrete (see Relatorood 

concrete) 

Slag. in comment, a7. $7 
roofing, Sor. 150) 

‘Slag coments, charscterbitics, a7, 138 

Shag concrete, fire-resineance, 517 

‘Mate, beams, coe ficients hor, 603 

sale fiberstrow. $57 

characteriaties, 154, 1496 
ober, 1496 











‘exparsica, 1400 
Gevaral wtreneth, sale, $37 
Sooriag 1520 








of elasticity, 232 
modulus of rupture, 282 
nails required, 1499 
origin of, 32 
punching, 


1497 
Tools, 875. 1046, 140, 249-1500 
ines. 1497 
pecific eraviy, 283, 1437 
strength, 982, 557 
14at 
ultimate tensional strength, 282 
weight, aia, 104g, 1473, 2499 
Sloeve-nuts, 986. 587. 597 
Slenderness-ratio, columns. 448 
Slop-ainks, dimensions of, rg6r 
Slow-burning construction (see Mill-con- 
struction, slow-burning) 
Stmoke-prevention, 1276 
Snow-loads (see Las) 
Sofas, dimansions, 1360 
‘Soft. arch, 90s 
Soil, 32 
angle of repose, a36 
foundation: beds, 157-148 
pierconstructlon, 980 
weight of loose, 256 
Soil-pipen tat, 1324. 1344 
Solids, expansion of, 1210 
mensuration of 
‘Sound (see Acoustics) 
deadening partitions, 896 
Soundpreofing, mineral wool, 3534 
partitions. 396 
Span, arch, 305 
‘beams, definition, 95 
wooden joists, 737-744 
Spandrels. arch, 905 
Specifications cxst-itoo, $79 
column-connections, €ast-iron, 437, 438 
electric wiring, 
elevator installation, 1585, 1584 
fireshutters. tinned, 926 
fumnace-heating, 1258 
seravel roofing, 1599-3583 
hot-water beating, 1259 
hiyurated lime, 146s 
lime, x4 
paint, fre-proot, az 
plate girders, 68 
lunbing-firtures, 1960 
orthand cement, 23% 
reinforcing, 28,91 
rooing-tles, 1555 
poking, SPSS 
ey ALA, xa 
sare beading, ers 
‘i 


see RIO IG 
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‘Steel, adhesion to concrete, 918, 925. 924, 
942, 944 
bars, 385-398 
lasification, 1528 
sale loads, 388-392 
weight, 1438-1435 
beams (sce Beams) 
Bemsemet procoss, 389 
branding. 384 
carboo-content, 38 
chemical propertios, 585 
chimneys, 1295 
ceefficient of expansion, 382 
cold-bend text, 38s 
€olumns (see Columns) 
compressive strength, 448 
‘corrosion in concrete, 960 
cont, 1524-1539 
defined, 380 
elastic behavior, 981 
elastic limit, 9x7 
elongation, 48, 985, 937 
expansion, 1310 
eye-bars, 386, 95 
fiberatresses, 357, 1138 
finished material, 384 
fire-resistance, 833 
flat rolled bars, cost, 3528 
safe loads, 389-392 
weights, 1431-1454 
form of test-specimen, 983 
manufacture, 345, 383 
melting-point, 1905 
merchant, cost. 1527 
modulus Of elasticity, 581, 927, 9x8 
‘open-heart process, 380 
painting, 1486. 1526 
Plates. 384, 385, 1525 
phosphorus content, 381, aks 
properties, chemical and phyaical, 383 
punching. effect on plates. 983, 414, 688 
einforeing (sce Reinforcement) 
rool-teumes (see Roof-trusses) 
TOPE, 404-408 
round bars, cost, 1528 
sale loads, 488 
Weights, £438, 1429 
ruptore-stress, 381 
shearing. 383, 413, 1138 
sheet, asbestoscavered, 819 
corrugated, r5t5-1518 
URES, 403, 1540 
Tooling, 1915-3518 
specifications, \83 
specimens for bests, 383, 984 
strength, 336, 381-385, 408, 443, 448, 
587. 987, thy 
strew-strain diagram, 982 
structural (see Struetumd steed) 
fraile strech, 33ts $s 407. 917. 18, 
18 / 
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Steel, teste. specimen, sin, 584 
weight, 382, 3428 £424, 1499. £435 
bars, rest-r4se 
estimating, rule for, £485 
sheets, 1424. 1435 
structural steel, 1527 
variation in, 384 


wire, 400-406 
weight, 1426 
working ‘stresses, 376, 383, 412, 557% 
907, 1138 
yield-point, 381, 383, 97. 988 
Steel-pipe columns, 469-474, 484 


safe loads, 497. 498 
‘Steelcrete lath, 889 
Steps, hollow-tile, 904 
stone, 2453 
Stevedore-rope. 907 
Stiffeners, girder-webs, 6388, 696, 691, 696 
Stirrupa, reinforced-concrete beams, ga3~ 
a7. 9at, 973 
St, T5475. THT. 


Stone (see, also, Stonework and each kind 
of stone) 
angle of friction, 253 
beams, 638 
building, data, aa 
caps. 1453 
coefficient of expansion, 1220 
of friction, 253 
concrete, 914 
coping, 1453 
cost, 148%) 1453 
crushed, cont, 249 
crushing height, 269 
crushing strength, 279-382 
fiberstress, beans, $37 
fire-resistance, 814 
footings, #33, 224 
Htels, 1455 
masonry, 265-770) S452. 1453. 
piers, 279 
quantities In concrete, 247-249 
ails, 1483 
step 1458 
strength, 265-270, 279-28 
weights, 282 
Stonework (see, 
Walls. etc.) 
ashlar, 44%. 145 
bluestone, cut, 1453 
coefficients of friction, 953 
cont, dats for estimating, 245 
crushing strength, 265 
culbwork, t4s2 
hummer-dresed, 1459 
oad. sale. 266 
roeasurement, 1452 
rubble, 44%. $8 
sidewalks, 1455 














lsc, Masonry, Stone, 
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. cauiron columns, | Structural ‘ 
Straight-line formula, . lorezerdaype bo 


460 
steel columns, 482, ans—e96 
Strain, definition, 14s 
‘Strength, beams, law of variation, 95 
‘brealking, $36 
‘coefficient of, 536 
compressive. 448 
deGinition, 125 
elastic, 126 
clongation-relation, steel, 381 
Mhexural, definitions, 195+ 556, Oss 
‘of materials, defimition, +55 
shearing, 411, 63s. $67 
tensile, 375 
ultimate, definitions, 235. $75. 98t. atx, 
+8 
working, definition, 595 
Stomngth of materials (see game of mae 
terial in question) 
definition, 135 
‘Stress, stems (Hoe, lao, materiale in 
question) 
beating, 445 
bending, 265, 628 
combined, 628, 48 $735 2444 
compressive, 127 
comtants, wooden beans, 628 
definitions, +25, 254 
dingrame, 1065-€39 
distribution of, 254 
elastic limit, 126, 981 
fiber, 326, 425, 33% $8% $98, 6a, Gay 
flexural. 528, 335: 555 
speaphical Mustrations, 254 1065-1138 














intensity, definitions, 135, 24. 979 
modulus of rupture, #26 
notation, 122 


resultant of, 254, 1189 
reversal of, 1104 
roof-trusses, by computation, rogf-9065 
by graphical methods, re65-1037 
rupture, 38 
shearing, t= art 
horizontal, 635. 687 
shrinkage, in concrete, 94x 
stress-strain diagram, 983 
emperature, in concrete, yet 
trues, 1338 
tenslonal, 199, 375 
torsion, 118, 
transverse, 265, 480, 53, 628 
ultimate, 37 
uniform, 234 
unit, defioitions, x45, 196; 933-978, 2372 
Wind, trusses, rrop-4198, a1a3 
Dracing, veqb-avs, 
working, Aennitioms, ¥ 
Yield-point, ht 
tres strain Mingrens, a 


138 





ms 








‘Structural steel (see, also, Steet) 
date 1504-1529 
drafting, cost, 1526 
a tragiing | 1536 


Saecarn ae 
mil-buibding. 1526 
painting, coat, 1526 
rool-trumses, F526 
specifications, 383 
weight, cstimaten, #537 

Struts, angle, tables, 438, sor-so, 
as beams: S78. 678 
braciog. 





—— Berger's ecomemy, 866 
, 687 
Sugar, specific gravity, 42a 
weight of, 725. tana 
Sulphur, ane 
Surface, center of ‘vit. 98 198 
finish, concrete, 246, 14 
‘Sway-rods, wind-bracing, 4270, 9 
Swedge-bolts, steel cobwamims, 619) 
Switches, electric Ugbting, 1399, % 
Syenite, compecaion, 283 
teasing, 282 
Sykes expanded cup-lath, B90, >| 
Symbol, Apesties and Saimes, 16 
clectric wirkaat, 238 
a-piping, 1339 
mathematical, baa 
pipes and Attings, 124% 
plumbing, £338 


‘bars, clips for fastening, 873 
size and properties, 437. 46% 9! 
small, Cost, 5 $299 
strength, a8 beams, $98 

‘T beams, reinforced comerete, tia) 


strength, 
ta load come 
nate on 


Tables, furnitent, dimensions, 23) 
Tacks, 









‘Tale, specific weavity, r492 
weight, 1422 
‘Tangents, natural, 204 
‘Tonks, capacity, tyr4-1920 
construction, 1312 
cexpansion-tashs, 1245, £360 
frost-proofing pipes, #14 
gravity-tanks, water, 779 
heating-tanks, 134 
howe-tanks, 1329 
‘incrustation, 1543 
materials, 1508 
standaed sioes, 1318 
tec, £316 
wooden, 1512 
‘Telephones. automatic, 1627 
‘Temperature, color corresponding to, 1903 
‘concrete, 244 345 
fire, 1203 
yt unoter, 1202, 1203 
rool-trumes alfected by, 1129 
Tension, building sunterinks, 376 
definitions of, x27, x7s 
members ateth, 385-887 
tables of safe loads, 388~399, 399 
steel, working stress. 982 
woods, 396, 647, Gh 650, Gsx, 1258 
Terrn-cotta, beam-protection, 765-765, 783 
book-tile, yz, 873 
colamn-protection, 782, 822-827 
companition, 276, 835 
dense, 315, St 
facing of walls, 269 
fire-resistance, #44, 815, 816, S78, 879 
Aloor-arches, 827-848 
hollow walls, 258, 234 
‘ornamental, fre-resistance, 815 
inside finish, $95, 904 























staircases, 904 

strength, 276, 278, 8:6 
eight, 978 

partitions, 879, 88r, 894 
piers, 236-278 
porous, 85, 8s 


properties, 176 

tookeonstruction, 832, 873, BS 

semiponus, 885 

sound-resistance, Boa, 895 

strength, 266, 276-278, #16 

tests, 276, 278, 616, 898 

trus-protection, § 

weight, 278 
Teerazao flooring, 152 
‘Teats (vee, also, materials th question) 

brick pers, apa 298 

bricks, 270, a8 

@at Iron, 380, 446, B20 

cement, 296, 237, 242 922 

chains, '4e8-420 

column-coverings, Say 

columns, cast-inoe, 460, Sam 
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‘Tests, columnms, steel, 82a 
ateel-pipe, 472 
wooden, 449 
concrete, 285-287, 887 
eye bars, 986 
fire-prool Doors, 837, 843. 84, 846, 872 
fire-proof partitions, 823, Bap, 895 
fire-prool wood, Sat 
floor-loads, 720, 321, 87%, 957 | 





foundation-beda t4%. £44 ’ 
joist-hangers. 79, 74 ’ 
mortar, 283 
nails, holding-power, 1445 | 
pipecovering, 1244 
plumbing, 1326 
muiator-paints, 1247 
reinforced-concrete, 916 
adhesion, 935, 924 
corrosion, 96t 
elastic properties. $939 
fire-resiotance, 956-938 
hooped columns, p46 
eas on floors, 967 
sash-cords, 1570 
sound-absorpaion, 1400-2484 
steel, 382-245. 999 
stone, 279-981 
terra-cotts, 276, 278, #16, 878 
woeden columns, 44% 
beams, bailoup, 652-054 
wrought iran, 377°379 
Theater-curtaiins, asbestos, 819 
Thentars. cont, £534 
dimensions of, 4577 
floorloads, 719. 730 
seating capacity. es74 
seating-space, £575 
Thermometers, 1197 
‘Threads of screws, standard, 1439 
Tie-beamm, wooden, 49-432. 4b. 438 
built-up, ase 
steel. stresses in. 573 
Tietods for I beats, 61%, 870 
roof-trusses, €135 
segmental arches. 907 
‘Tile, aseptic, 1539 
castglass, 1590 
cement, reinforced, 898 
ceramic. 5520) 4524 








copper, 1901 
cont, 2046, L521 
enameled, 1519, 852% 





encaustic, 1528, 859% 
faience, 1521 

fireprocting (see Teera-cotta) 
lot, 1539 

flooring. 897. 1508-1598 
Florentine masak, 1569 
gh, 1530 

gazed, 19m, 8538 

hollow (see Terra-cotta} 


t 


aged nue 


228 





Index 


Trimmers, safe lo 
frolley-wire, 406 
Troy weight, 29 
‘Trussmetal lath, 891 
Trusses (see Rook-trusses) 
Tubing, Benedict nickel, 1329 
boiler, lap-welded, 1273-1376 
seamless-drawn, 1329 
Tungsten lamps, 1558, 1361 
nelting-point, 1203 
Turnbuckles, 386, 937, 396 
Tuscan Onder, 1669 


ds. 247 














Underpinning, #14. 2¢8-2a2 
Unit loads, fowodationbeds, £42 
Unit stress, definitions, «24, 126, 435, 575+ 
Unit system, reinforcement, 926 
Univeesity of Lilinais, tests on brick piers, 
28 

tests on terra-cotta piers, » 
Urinal-stalls, dimensions of, 16x 
U.S, Naval Observatory, foundations, a5t 




















Vacuum-cleaners, types, x6a8 











alves, equalizing, caissons, 
pipe, 1236 

Varnish, cya 
Vaughan floor-system, 
Vault-walls, 








sidewalk, 

Vent-pipes, plumbing, 1598 
ines, 1594 

Vent-shafts, fiee-prool, 833. 994 


Ventilation, air-duets, 1285 
air required, amounts, 1278 
buildings, tayr-a38s 
capacity of fang, 1384 
estimating quantity of air, 
ahaust-syatem, 1a8t 











power required, £385 
fanaya 








L system, 128t, 2982 
Plenum-aystem, 128 

sawtooth 
size of flaes, 1978 


yoteenatic, 1377 





timbers, 








Vibration of machinery, 765 

Volt, defined, 1 

Volta 1576 

Volumes, geometrical, 38 
rel, $05, 34ty SES 

f gravity, $28 


workeshoes 








candle-pom 
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Waite’s concrete beam, 850 
Walks, cement, 239 
Wall (ee, alo, Urickwork, Masomey, 
Stonework, ete.) 
ashlar, thickness, 235 
hasement. 129, 238, 279 
bearing-plates on, 442 
breast, 352-264 
brick, 229, 
backing. 26 
over openings. 318 
sale louds, 265 
buckling, 229 
buildings, mercantile, ayo-a32 
cantilevering, 169 
cellar, 129, 228, 329 
chimney, 1288 
concrete, 229. 99-951, 965, 966 
‘ost, 250 
conceete blocks, 235 
crushing height, 26, aT 
curtain, #54 
dwellings, 230, 232 
face, 269 
faced with ashlar, 233, 260 
th cement blocks. 169 
fire, 765 
fire-resistance, 239, 244 
footings (soe Footings) 
foundation, 129, 200 
routed. 269 
botlow-tile 














; 

leads over openings, 518 

mills and factories, 760 

Beolling. 218-22: 

“openings in, 58, 778 

paripet, 768 

party, 234 

reinforced-concrete, 361-265. $4 951 
96s, 966, 968, 973, O75-078 

257-164 











safe loads. 269-267 

seli-sustalning, 334 

shoring. at¢~sa2 

skeleton construction, 334 

wtability, 929, 99¢ 

stone, 299. 435 
safe lowils, 266, 067 

me-tacer, 233. 9 

strength, 229. 430, 164-967, 269, 470 
superstructure, 239-154 
teren-cottetace. 169 
Urickness, 2297833. 244, 260, #1, 26%, 

160 

tile, hollow, a5 
ling, x50 
anderpinniing 
vant, 352-364 
warchowsen, 292-239, 768, 798 

Wallboard, asbestos, #19 











214. a1Baan 
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Walb-boards, metal-nib. #93, 
Sackett's, 395 
Wall-bosen, 782, 185, 326,392, 793. 
Wall-hangees (soo Hangers) 
‘Wallopenings. 328, 778 
‘Wall-plasters (see Plaster) 
Wall-plates, beams and girders, 783, 785, 
787, 788, 798 
roof-trusses, TOOR. 1190-48$2, #456, 
1158, C164, 1165, 1468 
Walbut, specific gravity, 1422 
unit stremes, 63 
weight, G51. t42a 
Wardrobes, dimensions, 1558 
Warehouses, bascment walls, 239 
‘beams, 762, 755, 279-800 
boilers, 780 
cast-iton columns, 780, 788 
cernent floors, 397 
eeneral, 758-Bro 
19 


78 








floorareas, 765. 797. 278 
floor-loads, Tat 
floors, 766. 777 
size and weight of X beams, 870 
dirders, 762, 765, 779-800 
gavity-tanks 779) 
heating. 776 
height, 277 
Live loads, 724 
mill-construction for, 777-800 
‘openings in walls, 778 
rool, 768, 772, 809 
roofing-materials, 800, Bot 
scuppers, 767 
sprinklers, 768, 777. 779 
stairs, 768, 779 
atory-heights, 765 
structural details, 780, 782 
towers, 768, 779 
ventilation, 776 
walls, 29-35%, 768, 778 
wooden columns, 789 
water-supplies, S02 
Warren truss, types. £999, 10st 
stresien, 1089 -109)2 
Wah-basins, dimensions, 1561 
Washers, 457, 1157-1160 
Washington, + formula for steel 
columas, 438 
Washington Momament. foundations, 251 
Waal-pipes, foundation-bed testing, 144 
Wash-stands, dimensions of, 1538 
Wash-tubs, 1326 
Waste-pipes, wyatt 
Waste-stacks, expandion, 194i 
Water, chemical comparit3on, \y8 


density, 1295 








Reece 








oue-sirely, 5364 
incrustation of tanks, £543 
Dip, tests, 1998 





supply, Tyoe-t509. 1329 


temperatures, boiling, #308 
weight, 1295, 1414, 1472 
‘at euturation-prewiuine, 1209 
{reexing to boiling-point. 120% 
Water-backs, capacity, 1344 
Waterclonets, 1325 


Waterpas 1545 

Watersbeuters, 1835, £339 

Water-meters, 

Water-pipes (see Pipes) 

Water-pressure, 1295, £296, 590g. 
faterseal. 1327 








ater-tables stowe, 1453 
ater-tanks (see Tinie) 
Water-tuwer, wind-bracing, 
Waterproofing, 1633 as 
cement, 1637 
sconces, 298, 163%, £57 
foundations, 1629 


foundations. e699. 2635 
watersprool cement, 2654 
ton Boot-xyater, 86% 


Web (ser. alsa, Hox und Ptibte ginters sad 
Steel beats) 
box ginders, buckling vale, 705 
shearing value, pay 
stidleners. 691, 696 
plate girders, 681, 684, 686, 6o2, Gri, 
705-705, ro 7 16 
tackling value, 70s 
abearing value, Fos 
stiffeners, $84, 686 
steel beams, 








Index 


Weight (see each wubstance and also 


merchandise, 725-735 

metric system, 32 

sash, 196901572 

substances, per cubic foot, 141. 
Weights and measures, 26-35 
Weld, iro, 377 


Wellington's formula for pite foundations, 
195 
: foundations, 210 
ply, 1305 
Webibach lamps, 1358-1365 
‘Wernlinger sheet-piling, 209 
Wheat, weight, 733 
White-coating, plastering, 14% 
White pine. beams. coefieients for, 628 


modulus of elasticity, 647, 665 
of ruptare, 699 
on colurans, 90. a3 


1 376, 647, Gath O50. 2138 
estes, 376, 4f2. 47, 648, 650, 


4a 
ood, eolumnns. sate loads, 450, 452 
. with the grain, 449, 


“weight, raat 
1637, 1638 


columns, types, 118p 
conditions determin 
examples, 118; 

seeneral theory. 1173 
ipusset-pilate type, 1176, 1279 
Knee-brace type, 176, 1150 
latticed-gieder, 1176, 118 
moment-incroments, 1 
portal type, 1376, 1182 


7s 
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Wind-tracing, resistance-factors, ladetor- 
minate, 1178 
streses, computation of, ax76—n18y 
vway-rods, 1176, 1285 
types. 1174-3176, 1187-KEIS 
water-towers, 1185 
Wind-loads (see Loads) 
Wind-shields, scuppers. 767 
Wind-stresses (see Stremes) 
Windmills, capacity, 1908, 1309 
Window-frames, bone, 920 
fire-cesisting. 907 
Kalamein iron, geo 
metal, 903 
metal-coreered, 900 
millevonstruction, 764 
‘Window-sashes. fre-resisting, 997 
metal, 9a 
metal-covered, goo 
weights, 1569-as7t 
Window-sills, stone, #453 
Windows, fire-protertion, 906 
glazing. 1487-1494 
loads over, 18 
metal-frameand-wire-slass, 906 
mill-construction, 79 Wi, 709. 77% 
715.778 
sbeet-metal. 999 
water-curtaita, 90 
vwiro-glans int warehouses, 77 
Winslow formula, onder columns, 495 
Wire, calculations, 138)~t385 
“carrying capacity, 1984 
table, kyz 
copper, 401. 1588, 1384, 1558 
electric wiring, 1380-1599 
fabric, reinforcement, 853 
feed. t3p2 
nisb, 400 
firetetecting, 98 
galvanised, 406, 1497 
AUB, 40, 403, 40h. TVAL ETA 
“1426 


“incandescent lighting. 2385 
“dath, $9, Sas 
Jength per pound, 409 
hinery, 1437 
manulacture, 420, 1427 
market, 1427 
nails, 1988 
piano, 422 
Tope, 404-406 
sines and weights, 42% 24K nage. 1496 
ateel, 40, 421, 4. 4Oke 400 Aa 148 
strength, 400. gots 428 
telegraph, 408 
telepbowe, 40t 
trolley, 406 
weight, 403, 1988, 198, 1426 
Wire-glam, 753 S24 








‘rood in question) 
‘expansion-coetficient, 1219 
Gire-prool, B20, 899 
Irietion-coeficient, 253 
metalcovered, 899 
painting. 1483-1485 
tables, beams, cootficients for, 638 

‘beams conversion-factors for size, 

57, (68 

beams, keyed. 6x5 

beams. nominal siaex. t473 

beam, safe loads, fy-O47 

beams, stiffness. 4 

boards, board-mensute, t474~£476 

columns, safe loads, 451. 452 

compression, across the grain 454, 
G47. 60, 6st, 1198 

compression, with the grain, 449. 647, 











hhardnes, relative, 2472 
modulus of elasticity, Gay. 668 
shear. 412, G7, 650, 651, 1138 
specific gravity, 1445-423 
tension, 576. 647, 69 Ost, 1438 
weights, G50, G51. 718 tatsnugss, 

147 
working stromen, 647, 648, x38 
weight, 630, Ost, 14x5-1492 

Wooden beams (see Heams) 

Wooden columns (sce Columas) 

Wooden floors (see Floars) 

Wooden girders (see Ginders) 

‘Wooden piles (sce Piles) 

Wooden tanks (see Tariks) 

Woolen trusses (sce Roof-trusses) 

Wool, weight. 741 

Working-heads, deep wells, 1905 

Working stresnce (see Stress and materials 

in question) 

Workshops, slow-burnins, 769. 
Wrought iroa, appearance, 377 
beams, coeficients for, 638 

deflection, 664 

acifiness, 655 
Dearing strongth, bolts, 2138 
bolts, 43¢, 1238 
ais, 485 















flexure, 431, $$7, 1238 
wprades, 373 


manafacture of, 397 

modulus of elasticity, 66 

physical properticn, 377, 

Pipe. (322, Eas, 1546-1, 

reinforcements, 942 

Ly 

TOPE, 454, 405 

shearing-strosee, 412. 4) 

specific gravity. £319, 

specifications, 377-378) 

stirrups, 790) 757 

tension, 376-378 aro. 4 

tests, 577-379 

we, 377 

weight, estimating, 1435 
per cable foot, 1419, 4 
ahoets, 14244 

welding, 37 

yield-point, 378, 379, 


Xpantews bar, 925, 946 


‘Yellow pine, beams, coeffie 
Teams, safe loads, 642. 6 
cerushinge-toads, with the 
mo strength, acrost 
detleetion, in beams, 644 
Gbertross flexure, safe, 
‘modulus of elasticity, 64 
modulus of rupture, 693 
safe loads on columns, 4 
shearing-strower, 412, Gi 
specific gravity, 1421 
stiflness, 664 


tension, 376, 647. 648. 6 
unit stresses, 376, 412, 6 
weight, 69a, 1426 

‘Yield-point, steel, 581 
wrought iron, 979 

‘Young's modulus, 126 




















